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UTTRODUCTION 


Spencer  F.  Baird,  then  United  States  Commissioner  of  Fish  and 
Fisheries,  once  said  (see  Needham,  19hlt  6)1    "The  life  histories  of 
species  of  economic  value  should  be  understood  from  beginning  to  end, 
but  no  less  requisite  is  it  to  know  the  histories  of  animals  and  plants 
upon  which  they  feed  or  upon  which  their  food  is  nourished,    the  histor- 
ies of  their  enemies  and  friends  and  the  friends  and  foes  of  their  en- 
emies and  friends,  as  well  as  the  currents,  temperature,  and  other  phy- 
sical phenomena  of  the  waters  in  relation  to  migration,  reproduction, 
and  growth."     Furthermore,  an  understanding  of  the  taxonomy  oi  a  group 
is  an  important  foundation  upon  which  ecological  findings  and  other  life 
history  data  must  be  based,  so  that  one  does  not  become  confused  and 
lump,  as  relating  to  only  one,  the  ecological  findings  for  more  than  one 
species.    Paleontology  is,  in  a  sense,  inseparable  from  the  study  of  mod- 
ern forms,  since  it  aids  immeasurably  in  discovering  their  evolutionary, 
and  often  ecological,  relationships.    For  most  advantageous  economic  utill- 
zation,  whether  direct  or  indirect,  a  complete  knowledge  of  the  biology  of 
the  organism  in  question  is  an  obvious  prerequisite. 

While  generalisations  must  sometimes  be  made  in  presenting  a  hypo- 
thesis, it  is  well  known  that  this  action  may  lead  to  mistakes,  for  often 
closely  allied  forms  have  quite  different  modes  and  requirements  of  life. 
To  avoid  such  mistakes,  therefore,  an  effort  should  be  made  to  study  thor- 
oughly the  biology  of  each  form  under  consideration. 

The  Pinfish,  Lajodon  rhomboides  (Linnaeus),  is  the  most  common 
member  of  the  family  Sparidae  in  the  shallower  littoral  waters  of  the 
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southeastern  United  States.     It  is  particularly  abundant  south  of  the 
Chesapeake  Bay  (though  a  decrease  in  relative  numbers  was  noted  in  the 
lower  Florida  Keys)  and  throughout  the  Gulf  of  Mexico.    Furthermore,  in 
vegetated  inshore  open  marine  habitats  in  these  regions,  it  is  also  prob- 
ably the  most  frequently  encountered  of  any_  non-pelagic  fish  specie s.  In 
spite  of  this,  and  as  is  so  often  the  case  with  ultra-common  organisms, 
there  have  been  only  a  few  papers  furnishing  more  than  random  notes  on 
the  biology  of  the  Pinfish.    These  data  have  been  included  in  more  gen- 
eral works  by  Hildebrand  and  Cable  (1938),  Reid  (l951t,  1956),  Kilby  (1955), 
Gunter  (I9h5),  Hildebrand  and  Schroeder  (1928),  Smith  (1907),  Jordan  and 
Evermann  (1898),  Holbrook  (i860),  and  Eigenmann  and  Hughes  (1888). 

Therefore,  since  no  detailed  study  of  the  Pinfish,  encompassing 
the  many  inter-relationships  found  when  all  aspects  of  the  biology  of  an 
organism  are  examined  as  a  unit,  had  been  undertaken,  it  was  felt  that 
such  a  study  involving  one  of  the  most  abundant  and  widespread  of  West- 
ern North  Atlantic  shore  fishes,  and  one  which  must,  through  sheer  num- 
bers, be  a  particularly  important  factor  in  the  total  ecology  of  an  area, 
would  thus  not  only  be  a  marked  contribution  to  the  biology  of  that  spe- 
cies, but  would  serve  also  as  a  pattern  for  similar  studies  on  other  or- 
ganisms. 

The  advantages  of  attempting  to  cover  in  one  such  single  study 
all  the  facets  of  the  biology  of  an  organism  have  been  well  illustrated 
in  exploring  the  biology  of  the  Pinfish.    Since  these  various  facets 
are  all  so  inter-twined,  and  a  knowledge  of  one  is  so  important  for  a 
truly  clear  and  meaningful  understanding  of  the  other,  an  effort  should 
be  made,  whenever  possible,  to  consider  all,  or  at  least  as  many  as  pos- 
sible, of  these  facets  simultaneously,  rather  than  concentrating  on  one 


aspect  of  an  organism's  biology  alone.   Actually  these  aspects  are  so 
Inseparably  involved  that  to  separate  one  from  the  other,  though  often 
attempted,  is  really  impractical,  or  often  even  inpossible.  Furthermore, 
such  studies  cannot  depend  on  the  results  of  field  work  alone,  Just  as 
other  general  biological  studies  should  not  be  based  on  laboratory  work 
alone,  for  the  c anger  of  over-generalization  is  especially  imminent  in 
such  cases.    In  addition,  whenever  possible,  biologists  should  draw 
upon  the  results  of  researches  by  workers  in  other  disciplines,  Just  as 
these  workers  should  turn  to  the  biologist  for  possible  assistance  in 
obtaining  answers  to  problems  posed  in  their  own  seemingly  separate  fields 
of  endeavor.    Larval  fish  and  their  ultimate  distribution,  for  example, 
may  serve  admirably  as  natural  "drift  cards"  for  the  oceanographer » s  study 
of  ocean  currents. 

Although  I  have  made  an  effort  during  this  study  to  cover  all  the 
major  phases  of  the  biology  of  the  Pinfish,  many  problems  remain  incom- 
plete, or  even  unbegun.    It  is  hoped,  therefore,  that  this  study  will 
serve  as  a  summary  of  the  known  biology  of  this  interesting  species,  and 
that  it  can  act  as  a  point  of  departure  for  future  workers.    More  iaport- 
ant,  however,  I  hope  that  it  will  aot  as  a  stimulus  to  others  to  do  sim- 
ilar, all  too  often  neglected,  comprehensive  studies  of  the  biology  of 
other  organisms,  and  not  only  fish.    In  this  way,  the  inter-relationships, 
or  total  ecology,  of  all  organisms  will  become  much  more  obvious  and  with 
them  the  structure  of  our  environment  more  meaningful. 

Although  during  this  study  an  effort  was  made  to  examine  all  the 
literature  which  referred  to  the  Pinfish,  I  have  not  attempted  to  include 
all  such  papers  in  the  form  of  an  annotated  synonomy.    Actually,  however, 


I. 


most  of  these  papers,  particularly  those  dealing  with  other  than  local 
range  notes  (except  for  records  near  the  Units  of  the  range)  or  with 
brief  general  facts  more  completely  covered  in  other  works,  have  been 
cited,  where  appropriate,  within  the  body  of  the  paper  and  so  appear 
In  the  final  section  on  Literature  Cited. 

Unless  otherwise  stated,  for  the  purposes  of  this  paper  the 
coramon  name  Pinfish  should  be  considered  synonymous  with  Lagodon  rhom- 
boides. 


METHODS 


Pinfish  were  collected  by  almost  every  available  means  at  some 
time  during  this  study.    However,  the  most  common  means  of  procuring 
them  was  by  seine,  trawl,  and  hook-and-line.    The  collections  at  Cedar 
Key  were  mostly  made  using  a  small  (fifteen-foot  mouth)  otter  trawl, 
made  of  one-inch  stretched  mesh,  and  operated  at  a  speed  of  approxim- 
ately three  miles  per  hour  from  a  small  inboard  motor  boat.    The  net 
was  dragged  from  seventy-five  to  one  hundred  feet  behind  the  boat,  de- 
pending on  the  depth,  and  was  on  the  bottom  for  five  minutes  on  the 
flats  and  channel  edge,  and  for  ten  minutes  in  the  channels.    A  ten- 
or twenty-five-foot  bag  seine  with  one-half  inch  stretched  mesh  was 
used  at  the  protected  flat  station  during  the  summer  months,  and  a 
four-foot  common  sense  minnow  seine  with  a  marquisette  inner  liner 
was  used  at  the  two  beach  stations.    Hook-and-line,  using  a  small  hook, 
was  used  for  obtaining  many  of  the  larger  Pinfish.    In  other  regions, 
collecting  was  done  primarily  with  the  seines  and  hook-and-line,  though 
traps  and  rotenone  were  sometimes  used,  and  all  of  the  offshore  collec- 
tions, with  the  exception  of  one  collection  made  at  the  surface  with  a 
cast  net,  were  made  with  large  shrimp  trawls  (forty-to  one  hundred-foot 
mouths)  with  varying  large  meshes,  drawn  by  larpe  vessels  at  slow  speeds. 
One-half  meter  plankton  nets  were  tried  at  the  surface  at  Cedar  Key  with- 
out success,  though  this  method  has  produced  larval  Pinfish  elsewhere. 
It  should  be  noted  that  post-larvae  of  species  other  than  Pinfish,  and 
smaller  than  the  minimum  sizes  of  that  species  taken  at  Cedar  Key,  were 
caught  there  with  the  gear  used,  becoming  entangled  in  vegetation  and 
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detritus,  and  it  could  be  assumed  that  smaller  Pinfish,  if  present,  would 
have  been  taken. 

Most  of  the  fish  were  preserved  in  the  field  by  dropping  them 
alive  into  a  ten  per  cent  solution  of  formalin,  and  the  majority  of  these 
are  deposited  in  the  University  of  Florida  Collections. 

Water  samples  were  brought  into  the  laboratory  and  salinities 
were  calculated  from  density  data  obtained  through  the  use  of  a  hydro- 
meter.   Water  temperatures  are  surface  temperatures  taken  with  the  ther- 
mometer held  about  ten  inches  below  the  surface. 

McBee  Keysort  Cards  were  used  to  record  field  data.    Data  so  re- 
corded was  then  coded  and  punched  into  the  cards,  thus  permitting  its 
rapid  recovery  by  mechanical  means.    Annotated  bibliographic  citations 
were  treated  in  the  same  manner. 

Unless  otherwise  stated,  all  lengths  are  standard  length,  which 
was  considered  as  being  the  uncurved  length  as  measured  with  dividers 
from  the  tip  of  the  snout  (with  the  mouth  firmly  closed)  to  the  base  of 
the  middle  rays  of  the  caudal  fin  (end  of  hypural  plate).    Head  length 
was  taken  in  the  same  manner,  from  the  tip  of  the  snout  to  the  greatest 
posterior  extension  of  the  opercle.    Body  depth  was  the  vertical  distance 
taken  with  dividers  from  the  insertion  of  the  pelvic  fins  to  the  base  of 
the  dorsal  fin.    Other  proportional  measurements,  also  made  with  divid- 
ers, are  described  in  Table  6. 

Pored  lateral-line  scales,  unless  damaged,  were  counted  on  the 
left  side,  from  the  origin  of  the  lateral  line  near  the  upper  angle  of 
the  opercle  to  the  fold  made  at  the  end  of  the  hypural  plate  when  the 
tail  is  bent  upwards.    Scales  above  the  lateral  line  were  counted  in  an 
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anteriorly  directed  oblique  line  to  the  origin  of  the  dorsal  fin,  and 
those  below,  in  a  posteriorly  directed  oblique  line  to  the  origin  of 
the  anal  fin. 

All  gill  rakers,  including  rudiments,  were  counted  on  the  first 
right  gill  arch.    The  raker  at  the  angle  of  the  arch  was  considered  as 
belonging  to  the  lower  limb. 

Each  dorsal  and  anal  fin  spine  or  soft-ray  base  was  counted  as 
one.    In  the  cases  where  two  (or  more)  branched  from  a  common  base  (as 
always  in  the  last  elements  of  these  fins),  they  were  counted  as  one. 
Pectoral  fin-ray  counts  include  unsegmented  rays;    caudal  counts  only 
branched  rays.    In  the  pelvic  fins,  spines  and  segmented  soft-rays  were 
counted  separately. 


MATERIAL  EXAMINED 


The  sources  of  specimens  examined,  the  abbreviation  for  the  col- 
lection, and  the  persons  to  whom  I  am  grateful  for  arranging  the  loans 
or  for  permitting  me  to  use  the  materials  at  the  sites  of  deposition 
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ton Museum  (CM)  through  Albert  Schwartz j    Florida  State  University,  De- 
partment of  Zoology  (FSU),  through  Ralph  W.  Yergerj    United  States  Nation- 
al Museum  (USNM),  through  Leonard  P.  Schultzj    Academy  of  Natural  Sciences 
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In  addition  to  these,  I  am  also  indebted  to  the  following  who  ex- 
amined other  collections  for  me  and  found  that  there  were  either  no  Pin- 
fish  or  that  the    infish  in  the  collection  only  duplicated  large  series 
already  studied  from  the  same  locality.    These  people,  and  the  collections 
they  examined  are:    Margaret  Storey  (Stanford  University  Natural  History 
Museum),  William  Schroeder  (M  seum  of  Comparative  Zoology  at  Harvard), 
Walter  Auffenberg  (Carnegie  Museum),  and  Donald  deSylva  (Cornell  University). 
In  addition,  specimens  collected  during  this  study  from  numerous 
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localities  in  Florida,  now  deposited  uncataloged  in  the  University  of 
Florida  Collections,  were  used  for  the  most  part  for  other  than  the 
study  of  geographical  variation.    Most  specimens  which  I  collected 
which  were  so  used,  were  cataloged  and  are  included  in  the  following 
list  of  materials  examined t 

MASSACHUSETTS t    Woods  Hole,  1  (UMMZ  65109),  1  (USNM  21*1*83), 
1  (USNM  58927),  1  (AMNH  2239),  1  (USNM  31528),  1  (USNM  83507) J  Hadley 
Harbor,  1  (USNM  58890).    RHODE  ISLAND i    Newport,  1  (USNM  25721),  Sakon- 
ette  Point,  1  (USNM  UlOll).    NEW  YORK*    Fire  Island  Beach,  1  (USNM  36002) 
Massapeque,  1  (USNM  108658).    NEW  JERSEY t    Sea  Bright,  1  (CNHM  161*2), 
Beesley's  Point,  2  (USNM  l*5l3l*)j  off  Cape  May,  1  (ANSP  69130,  holotype  of 
Salema  atkinsoni  Fowler).    VIRGINIA i    Norfolk,  1  (USNM  11*3990),  Fort 
Monroe,  3  (USNM  U*389l*),  Cape  Charles,  1  (USNM  1*21*87),  1  (USNM  1*21*89), 
1  (USNM  1*3157),  2  (USNM  11*3992).    NORTH  CAROLINA »    Cape  Lookout,  3  (USNM 
155377),  1  (USNM  131*269),  Beaufort,  1  (USNM  51870),  1  (USNM  118916),  3 
(USNM  61U61),  1  (USNM  116696),  5  (USNM  61*001*),  1*  (CNHM  l*03l*l»),  mouth  of 
Cape  Fear  River,  1  (USNM  25591*))    Fort  Macon,  1  (USNM  132298),  13  (USNM 
19686)}    Onslow  Beach,  1  (UM  321*),  off  North  Carolina,  3  (USNM  163702). 
SOUTH  CAROLINA i    Magnolia  Beach,  2  (CM  3U.239.31) J  Pawley's  Island,  2 
(UMMZ  136065)1  Porcher's  Bluff,  1  (CM  31.196.13),  Caper's  Inlet,  3  (CM 
31.207.1^)j  Charleston,  1  (CNHM  379U9),  1  (USNM  251*15),  1  (USNM  21*685), 
1  (USNM  25597),  1  (USNM  155378),  1  (USNM  25623)j  off  Stone  Inlet,  1  (CM 
31.190.12).    GEORGIA;    Brunswick,  2  (USNM  11811*9),  3  (USNM  1271*60),  10 
(UF  5531*).    FLORIDA »    St.  Johns  River  near  Orange  Park,  3  (UF  7669)j  St. 
Johns  River,  1  (USNM  151*780),  2  (USNM  21280)i  Vilano  Beach,  6  (UF  3311), 
St.  Augustine,  2  (UF  3020),  1  (UMMZ  1361*90),  Matansas  River  near  ttatatou 
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Inlet,  3  (UMMZ  139l»Ol)}    Ponce  de  Leon  Inlet,  6  (USNM  133293 )j  New 
Smyrna,  1  (USNM  653U8),  1  (USNM  53336)}    Edgewater,  3  (UM  970)}  Mos- 
quito Lagoon,  3  (UMMZ  139381)}    Indian  River  near  Melbourne,  2  (UMMZ 
139356)j  Vero  Beach,  10  (DF  7823),  1  (UF  1300)}   Ft.  Pierce,  2  (UF  7815)} 
Jensen  Beach,  6  (UF  1*276)}  Miami,  15  (USNM  53368),  1  (USNM  57232),  1*  (UM 
328)}  off  Cape  Florida  (AMNH  15229)}  Cutler,  1  (UM  325)}    Biscayne  Bay 
20  miles  south  of  Homestead,  2  (UF  5008)}    Broad  Creek,  1  (USNM  572610} 
Tavernier  Creek,  1  (USNM  57219)}    Tavernier,  1  (UF  7819),  7  (UF  7817), 
7  (UM  331)}    Blackwater  Bay,  1  (USNM  101*972)}    Upper  Hatecumbe  Key,  2 
(UF  7820)}    Snake  Creek  near  Islaaorada,  1*  (UMMZ  136568)}    Bahia  Honda, 
1  (USNM  57297),  1  (UM  326)}    Big  Pine  Key,  1  (UF  7026)}    Summerland  Keys, 
1  (USNM  57163)}    Big    Coppitt  Key,  10  (UF  7818)}    Key  West,  1  (UF  7821), 
6  (USNM  38671),  2  (USNM  11*3979),  1  (USNM  130826),  1  (AMNH  2628),  2  (USNM 
93851*),  1  (USNM  65387),  1  (USNM  132227)}    Tortugas,  3  (UMMZ  11*7721),  2 
(UMMZ  11*7682 ),  2  (UG  196),  1  (CNHM  6915),  h  (USNM  117286),  1  (USNM  117285), 
1  (USNM  88101)}    15-20  miles  off  Tortugas,  1  (IRSNB  10.911,  holotype  of 
Lagodon  toercatoris  Delsman)}    Sawyers  Key,  1  (USNM  57373)}    Knights  Key, 
5  (USNM  6271*6),  5  (USNM  62601)}    Florida  Keys,  1  (USNM  57376)}  Flamingo, 
1  (uncataloged,  sent  to  IRSNB  for  deposit)}    off  Cape  Sable,  1  (USNM  39879)} 
between  Whitewater  and  Oyster  Bays,  1  (UM  971)}    Bonita  Beach,  8  (UF  31*12)} 
Pine  Island  Sound,  1  (TU  7637)}    Captiva  Pass,  1  (CNHM  5Ul),  1  (CNHM  51*2), 
1  (CNHM  573)}    Placida,  10  (UF  7812);    Pass-a-Grille  Beach,  1  (UMMZ  1^1*890), 
1  (UMMZ  151*092),  3  (UMMZ  151*939),  1  (UMMZ  153776)}    Clearwater,  1  (UF  11*1*5)} 
Bayport,  3  (UF  2528),  6  (UF  2525)}    Cedar  Key,  3  (UF  7813),  7  (UF  78ll»),  6 
(UF  2531)}    Alligator  Harbor,  1*  (FSU  625),  6  (FSD  775),  1  (FSU  1*08)}  Apala- 
achicola,  I*  (UM  973)}  off  Cape  San  Bias,  1  (UM  972)}    Lat.  28°  56«  N., 
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Long.  85   18'  W.,  29  (HP  7817)}    Panama  City,  1  (UF  5121),  5  (UF  5378)j 
Destin,  1  (UF  UU30)}    Santa  Rosa  Sound  at  Camp  Navarre,  3  (UMMZ  135907), 
2  (UMMZ  13591U}    Penaacola,  3  (UMMZ  136518),  3  (UF  1787),  22  (TU  639U). 
ALABAMA*    Lat.  29°  33'  N.,  Long.  87°  58»  W.,  7  (TU  1275D|    Lat.  29°  56«  N., 
Long.  88°  29»  W.,  ^  (TU  2738)|   Gulf  Shores  State  Park,  2  (UMMZ  123990). 
MISSISSIPPI*    Lat.  29°  15 1  H.,  Long.  88°  U8'  W.,  1  (CNHM  U653D}  Ocean 
Springs,  3  (TU  19U0).    LOUISIANAi     Lake  Ponchartraln,  10  (TU  6l02)j  Chan- 
deleur  Sound  off  Mltchill  Key,  7  (TU  8287 )}    Southwest  Pass  outside  of 
Vermillion  Bay,  1  (TU  81*00).    TEXAS:     Galveston,  5  (USNM  118563),  1 
(USNM  118562),  2  (USNM  31052),  1  (USNM  lii3828),  1  (USNM  16285),  1  (UMMZ 
161:992),  1  (UF  7801)  j    Rio  Brasos,  1  (UMMZ  1602U3)}    Matagorda  Bay,  3 
(USNM  63656) |    off  St.  Joseph  Island,  1  (UF  7808)j    east  of  Port  Aran- 
sas Jetty,  1  (UF  7806) j    Aransas  Pass  at  Port  Aransas,  17  (UF  7810) j 
southeast  of  Port  Aransas,  1  (UF  7807 )}    within  50  miles  of  Corpus  Christi, 
1  (CNHM  U0238)t    Brasos,  3  (USNM  731)}    Lat.  26°  10*  N.,  Long.  96°  jftf  W., 
1  (UF  780^)1    Lat.  26°  10»  N.,  Long.  96°  25'  W.,  1  (UF  7816).  MEXICO: 
Punta  Piedras  in  Laguna  Madre,  11  (UF  7809 )}  100  miles  south  of  Port 
Isabel,  Texas,  U  (UF  78Q5)j    Lat.  2h°  12«  N.,  Long.  97°  17'  W.,  1  (CNHM 
U55Hi)j    35  miles  north  of  Tampico,  2  (UMMZ  157327 )}    off  Point  Morros, 
Yucatan,  1  (UF  1285)}    Lat.  19°  1|8«  N.,  Long.  91°  20»  W.,  l  (CNHM  U6$32)| 
off  Campeche,  1  (UF  7803),  10  (CNHM  1*6530),  2  (UF  7802)}    Lat.  20°  18»  N., 
Long.  91°  U8»  W.,  U  (CNHM  U5515)}    Lat.  21°  09»  N.,  Long.  91°  111'  W.,  2 
(UF  7811).    BERMUDA 1    Flatts  Inlet,  h  (CNHM  U8728)}    no  other  data,  U 
(USNM  21359).    CUBA:  Q Jno  other  data,  1  (USNM  9838).    BAHAMAS l£Y7  no 
other  data,  7  (USNM  6108). 


SYSTEMATICS 


The  systematic  status  of  Lagodon  rhcanboides  may  be  summarized  as 

followsi 

Genus  Lagodon  Holbrook 
Lagodon  Holbrook,  1855 %  p»  56  (type  species  Spar  us  rhomboides  Linnaeus, 
1766,  by  subsequent  designation  of  Eigenmann  and  Hughes,  1888, 
p.  66). 

The  characters  which  serve  to  distinguish  the  genus  Lagodon  from 
the  other  members  of  the  family  Sparidae  are  briefly  stated  as  follows t 
Mouth  with  a  single  row  of  incisor  teeth  which  are  triangular  in  anterior 
aspect  above  their  base,  those  in  the  anterior  portion  of  the  mouth  almost 
always  with  a  single  notch  (Figure  19),  the  posterior  ones  with  or  without 
the  notch.    Several  series  of  rounded  molariform  teeth  behind  the  incisors. 
Occipital  and  temporal  crests  of  the  skull  nowhere  coalescent,  the  inter- 
orbital  area  not  swollen,  its  bones  thin  and  concave  in  transverse  section. 

More  detailed  characteristics  of  the  genus  may  be  found  by  refer- 
ring to  Holbrook  (loc.  cit.),  Eigenmann  and  Hughes  (loc.  cit. ),  Jordan  and 
Fesler  (1893»  518),  Jordan  and  Evermann  (1898»  1357),  and  Fowler  (l&Ot  2). 

With  the  exceptions  noted  below  in  the  synonomy  of  Lagodon  rhom- 
boides, most  authors  have  agreed  that  the  genus  Lagodon  is  monotypic.  How- 
ever, it  is  of  interest  to  present  the  following  quotation  from  Holtrook 
(l860i  63)  who,  in  completing  his  description  of  Lagodon  rhomboides .  states t 
"I  have,  therefore,  established  for  it  /"rhomboides  7  the  genus  Lagodon  to 
which  must  also  be  referred  the  Sargue  unlmaculatus  of  Cuvier  and  Valen- 
ciennes."    Holbrook  gives  no  explanation  for  this  action,  subsequent  authors 
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have  apparently  ignored  the  statement,  and  investigations  since  his  writ- 
ing have  shown  the  species  unimaculatus  of  Bloch  /*  rhomboid  alls  of  Lin- 
naeusJ  to  be  allied  more  closely  with  the  genus  Archosargus  Gill  than 
Lagodon  (see  Eigenmann  and  Hughes,  loc.  cit. ) ,  although  some  authors  (Jor- 
dan and  Evermann,  1896:  390j    Jordan,  Evermann  and  Clark,  1930t  338j  and 
Fowler,  19t0:  3)  place  it  in  a  third  genus  Salema  Jordan  and  Evermann,  all 
in  the  family  Sparidae.    In  no  case  have  I  found  another  author  who  consid- 
ered this  species  to  be  a  member  of  the  genus  Lagodon. 

Lagodon  rhomboides  (Linnaeus) 
sPar us  rhomboides  Linnaeus,  1766,  p.  1*70  (Charleston,  South  Carolina) . 

Shaw,  1803,  P.  hkl. 
Sargus  rhomboides  (Linnaeus).    Valenciennes,  in  Cuvier  and  Valenciennes, 

1830,  p.  68,  pi.  1U3  (New  York,  Carolinas,  New  Orleans).  DeKay, 

I8lj2,  p.  93  (New  York).    Storer,  181*6,  p.  81.    Gunther,  1859,  p. 

UU7. 

Lagodon  rhomboides  (Linnaeus).    Holbrook,  1855,  p.  56,  pi.  8,  fig.  1 

(South  Carolina),  pagination  copied  from  Gill,  186U,  p.  93/. 

Eigenmann  and  Hughes,  1888,  p.  66.    Jordan  and  Evermann,  1898,  p. 

1358,  1900,  fig.  552.    Jordan,  Evermann  and  Clark,  1930,  p.  337. 

Fowler,  19h5,  PP.  1U8,  201*,  308. 
Diplodus  rhomboides  (Linnaeus).    Jordan  and  Gilbert,  1882,  p.  558. 
Lagodon  rhoraboidalls  (Linnaeus).    Goode  and  Bean,  1886,  p.  19U. 

(non  Linnaeus). 

Salema  atklnsoni  Fowler,  19fc0,  p.  2,  figs.  1-1*  (off  Mew  Jersey). 
Lagodon  mercatorls  Delsman,  19lil,  p.  70,  fig.  9  (off  Tortugas,  Florida). 
Since  Salema  atkinsoni  Fowler  and  Lagodon  mercatoris  Delsman  have 
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apparently  never  previously  been  considered  synonyms  of  Lagodon  rhomboides, 
and  since  the  use  of  the  specific  name  rhomboides  as  opposed  to  the  older, 
possibly  applicable,  Linnaean  name  rhomboidalis  has  not  been  clarified 
(though  followed)  as  related  to  the  Pinfish,  I  present  my  reasons  for  thes« 
actions  below. 

Goode  and  Bean  (I8861  19k,  201),  after  examining  and  verifying 
the  type  specimen  (a  half  skin  collected  by  Dr.  Alexander  Garden,  at  Charles- 
ton, South  Carolina,  and  located  in  the  Linnaean  Society  of  London)  as  the 
form  presently  recognized  as  Lagodon  rhomboides,  concluded  that  since  the 
Linnaean  synonyms  for  Perca  rhomboidalis  Linnaeus  (1758*  293)  were  the  same 
as  those  he  later  pave  for  Sparus  rhomboides  Linnaeus  (1766 J  ii70),  the  two 
names  should  be  synonomous  and  the  correct  name  for  the  Pinfish  should  thus 
156  ksgodo"  rhomboidalis  (Linnaeus),  the  older  name  having  priority.  The 
two  spar ids,  Lagodon  rhomboides  and  Archosar^u3  rhomboidalis  £~m  A.  unimacu- 
latus  (Bloch)_/,  as  now  recognized,  are  very  similar  in  general  appearance, 
however,  and  since  Linnaeus  (1758:  2?U)  listed  the  habitat  of  "rhomjoidalis" 
as "America,"  and  since  he  apparently  based  his  1758  description  of  "rhomboid- 
alis" only  on  the  works  of  Catesby  (  ftJllSkik)  and  Browne  (l756iUU6) 
rather  than  on  actual  specimens,  and  since  his  description  can  be  applied 
to  either  species  (but  to  no  other  sparid),  it  cannot  be  said  with  certainty 
that  he  was  describing  L.  rhomboides,  as  Goode  and  Bean  (loc.  cit«)  believed* 
Though  his  plate  (t.  h  -  top)  shows  the  inter-orbital  area  to  be  elevated 
and  swollen  as  in  A.  rhomboidalis,  and  Edwards  (in  the  1771  edition  of  Cates- 
by) used  Sparus  rhomboides  in  applying  Linnaean  names  to  Catesby* s  fishes,  it 
is  now  apparent,  based  on  the  present  knowledge  of  the  ranges  of  the  two  spe- 
cies, that  the  fish  referred  to  by  Catesby  may  be  either  species,  since  both 


occur  on  the  mainland  coast  of  Atlantic  North  America.    Shaw  (1803»  Uhl) 
also  expressed  doubt  as  to  the  true  identity  of  Catesby^s  species.  Ap- 
parently iirowne,  in  Jamaica,  was  referring  only  to  A,  rhomboid alis  (L. 
rhog^oides  not  being  considered  a  member  of  the  Jamaican  fauna;    see  sec- 
tion on  Geographical  Distribution).   Furthermore,  Linnaeus  (l766t  IrfO) 
furnishes  a  more  complete  diagnosis  which  permits  a  reasonably  certain 
identification  of  his  1766  species  as  the  Pinfish,  and  he  also  notes  that 
this  species  was  collected  by  Dr.  Garden  (thus  from  South  Carolina  where 
the   infish  is  common,  and  almost  certainly  not  A,  rhomboidalis  since  this 
latter  species  is  not  regularly  found  north  of  Miami,  Florida,  though  Fow- 
ler, 1952a,  p.  130,  reports  a  specimen  from  New  Jersey).    Since  this  then 
is  the  first  description  with  which  the  Pinfish  can  surely  be  recognized, 
the  name  rhomboidea  must  be  applied  to  it. 

Thus,  since  Linnaeus 1  1758  description  of  "Perca  rhomboidalis" 
can  apparently  refer  only  to  the  two  sparids  L.  rhomboides  and  A.  rhomboid- 
alis, and  since  one  of  these,  the  Pinfish,  has  been  assigned  the  trivial 
name  "rhomboides"  of  the  twelfth  edition  (1766)  of  Linnaeus  (see  above),  the 
specific  name  "rhomboidalis"  is  made  available  for  the  other  of  these  two 
sparids  and  must  thus  be  applied  to  the  form  named  "unimaculata"  by  Block 
(1792:  75,  pi.  308).    Thus  Archosar?;us  unimaculatus  (Bloch)  must  become 
A.  rhomboidalis  (Linnaeus)  /"*«  Salema  rhomboidalis  (Linnaeus)  of  authora__7 
by  the  laws  of  priority.    Jordan,  Evermann  and  Clark  (1930 t  338)  and  Fowler 
(I9li0i  3)  have  apparently  previously  arrived  at  this  conclusion,  but  they 
did  not  clarify  their  action. 

Through  the  courtesy  of  Dr.  James  Bohlke,  Assistant  Curator  of  Icthy- 
ology  and  Herpetology  at  the  Academy  of  Natural  Sciences  of  Philadelphia,  I 
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had  the  opportunity  to  study  the  holotype  and  only  recorded  specimen 
of  Salena  atklnsonl  Fowler,  (AKSP  69130). 

Other  than  the  presence  of  an  obvious  outer  row  of  incisor- 
like  teeth  in  each  jaw,  nineteen  obvious  rows  of  scales  below  the 
lateral  line  to  the  spinous  anal  origin,  and  minor  proportional  dif- 
ferences, this  specimen  falls  within  the  variation  expected  in  Lagodon 
rhomboides.    The  specimen  is  much  larger  (328  mm,  in  length)  than 
usually  reported  (up  to  approximately  1$0  mm.  long,  rarely  to  250  mm. ) 
for  L.  rhomboides  and  the  differences  mentioned  above  can  apparently 
be  attributed  to  ontogenetic  change.    A  study  of  both  small  and  large 
examples  of  L.  rhomboides  (up  to  239  mm.  in  length)  in  the  collections 
of  the  University  of  Florida  and  the  United  States  National  Museum  shows 
that  while  the  "compressed  cuneiform  teeth  with  truncate  ends"  described 
and  figured  by  Fowler  are  not  obvious  as  such  in  the  small  Pinfish  (if 
they  are  present  at  all),  they  may  be  there.    They  often  appear  more 
molar-like,  and  develop  in  varying  numbers  in  the  larger-sized  fish 
like  the  form  noted  by  Fowler.    They  develop  immediately  posterior  to 
the  expanded  anterior,  notched,  incisors  characteristic  of  the  enus. 
Unfortunately  only  a  few  Pinfish  above  180  mm.  in  length  (and  none 
between  239  and  328  mm.)  have  been  available  to  try  to  trace  this  de- 
velopment accurately,  though  enough  material  is  at  hand  to  show  that 
it  does  take  place  to  a  greater  or  lesser  degree.    Poey  (l866t  3UU) 
alluded  to  this  form  of  incisor-like  molar  tooth  in  describing  the  den- 
tition of  a  specimen  which  he  notes  was  "nine  inches  long." 

Similarly,  the  number  of  scales  below  the  lateral  line  to  the 
spinous  anal  origin  is  usually  given  as  seventeen  for  L.  rhomboides. 
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However,  this  count  is  difficult  to  make  accurately  since  the  scales 
in  the  immediate  vicinity  of  the  anal  origin  are  very  small  and 
crowded.    As  the  length  of  the  fish  increases,  however,  these  scales 
enlarge  to  a  point  where  an  accurate  count  can  be  made,  and  nineteen 
rows  of  scales  may  be  seen  in  most  of  the  large  specimens  of  L.  rhora- 
boides  noted  above.   The  other  counts  and  subjective  descriptions  given 
by  Fowler  for  S.  atkinsoni  fall  well  within  the  range  of  variation 
found  in  L.  rhomboides.    The  few  proportions  which  are  at  variance 
(particularly  the  ratio  of  eye  in  head)  may  be  attributed  to  ontogen- 
etic change,  and  in  fact  this  tendency  is  shown  as  size  increases  in 
the  smaller  specimens  of  Pinfish  available  to  me. 

In  describing  S,  atkinsoni,  Fowler  apparently  overlooked  the 
possibility  that  his  specimen  might  be  L.  rhomboides  (a  fact  possibly 
obscured  by  the  large  size  of  his  specimen  and  the  related  ontogenetic 
differences  noted  above),  and  he  erected  a  new  subgenus  Sphenosargwe 
of  the  genus  Salema  Jordan  and  Evermann  [~  Archosargns  Oill^  for  it. 
The  characters  he  used  to  distinguish  this  new  subgenus  from  the  sub- 
genus Salema,  however,  are  ones  that  are  of  primary  importance  in  the 
separation  of  Lagodon  from  Archosargus  (see  Fowler,  19U0I  2).     In  each 
case  these  characters  (such  as  body  shape,  tooth  structure,  and  number 
of  gill  rakers  and  lateral-line  scales)  are  like  Lagodon  and  unlike 
Archosargus ,  as  exhibited  in  specimens  of  A.  rhomboidalls  (L. )  and  A. 
probatocephalus  (Walbaum)  e  andned  in  the  University  of  Florida  fish 
collection.    The  condition  of  the  inter-orbital  area  (a  major  charac- 
ter in  distinguishing  Lagodon  and  Archosargus)  in  the  holotype  of  S. 
atkinsoni  is  not  elevated  and  greatly  swollen  as  in  Archosargus  (see 
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Fowler,  op_.  cit.t  1)  but  is  only  slightly  swollen  and  unelevated  as 
in  Lagodon. 

It  is  further  interesting  to  note  that  very  large  specimens 
of  L.  rhomboides  are  frequently  taken  in  late  spring  and  early  sum- 
mer in  waters  adjacent  to  Long  Island,  New  York.    These  very  large 
Pinfish  were  reported,  and  a  photograph  presented,  by  Alperin  (1955 t 
35).    Mr.  Alperin,  Aquatic  Biologist  (Marine)  with  the  New  York  State 
Conservation  Department,  writes  me  that  he  has  caught  such  large 
specimens  and  notes  that  he  is  familiar  with  the  species  from  fishing 
in  Florida.    Apparently  the  fish  are  not  generally  distinguished  from 
the  common  porgy  of  the  area,  Stenotomus  chrysops  (L. ) ,  though  some 
fishing  captains  (especially  those  who  fish  in  the  South  during  the 
winter)  do  distinguish  it  as  the  "Banded  Porgy."     Mr.  Alperin  has 
kindly  made  available  definite  records  of  such  Pinfish  which  reached 
23U  mm.  standard  length  (260  mm.  fork  length)  and  notes  that  others 
have  been  measured  which  exceeded  300  mm.  fork  length .    The  original 
negative  of  the  photograph  used  by  Alperin  of  one  of  these  large  Pin- 
fish was  made  available  to  me  through  the  kindness  of  the  photo  rapher, 
Mr.  Warren  Rath  Jen,  and  a  print  from  it  is  reproduced  in  this  paper  as 
Figure  1,  since  the  "Conservationist"  ia  not  generally  accessible  to 
ichthyologists.    S.  atkinsoni,  taken  off  Cape  May,  New  Jersey,  in  April, 
is  apparently  one  of  these  large  Pinfish.    It  should  be  stated,  though, 
that  although  this  northern  area  apparently  has  produced  more  actual 
records  of  very  large  L.  rhomboides  than  other  regions,  large  individuals 
are  known  from  elsewhere.    Schroeder  (l92lti  28)  lists  a  thirte en-inch 
specimen  which  he  collected  at  Key  West,  Florida.    There  are  also  sped- 


Figure  1.    Large  Lagodon  rhomboides  (L. )  from  Great  Peconic 
Bay,  New  lork. 
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mens  in  the  United  States  National  Museum  from  Beaufort,  North  Carol- 
ina, in  the  Chicago  Natural  History  Museum  from  Captiva  Pass  (near 
Ft,  Myers),  Florida,  and  in  the  University  of  Florida  Collections  from 
Vero  Beach,  Florida,  all  of  which  exceed  200  mm.  in  length,  and  one  in 
the  Chicago  collection  from  the  vicinity  of  Corpus  Christi,  Texas, 
measures  185  mm. 

Based  on  the  evidence  presented  above,  I  do  not  hesitate  in 
placing  Salema  atkinsoni  Fowler  in  the  synoncny  of  Lagodon  rhomboides 
(Linnaeus). 

The  primary  basis  for  the  erection  of  the  species  |  agodon 
mercatoris  by  Delsman  appears  to  be  a  reduced  number  of  dorsal  spines 
and  several  proportions  using  particular  dorsal  spines  or  the  region 
of  these  spines.    The  holotype  of  L.  mercatoris  has  only  nine  dorsal 
spines,  while  L.  rhomboides  usually  has  twelve  (rarely  thirteen). 

Through  the  efforts  of  Dr.  Max  Poll  of  the  Royal  Belgian  Congo 
Museum,  the  holotype  and  only  specimen  of  L.  mercatoris  (IRSNB  10.911) 
was  made  available  to  me  for  study  from  the  Royal  Institute  of  Natural 
Sciences  of  Belgium.    A  comparison  of  this  specimen  with  L.  rhomboides 
of  the  same  size  from  the  vicinity  of  the  type  locality  of  L.  mercatoris 
(off  Tcrtugas,  Florida)  revealed  no  differences  except  those  involving 
the  size  and  number  of  dorsal  spines  and  the  region  of  the  anterior 
dorsal  spines.    Though  this  region  is  completely  scaled  on  the  holotype 
of  L.  mercatoris,  the  scales  are  in  disarray  and  on  close  examination 
give  the  area  an  appearance  of  a  healed  but  scarred  wound.  Further- 
more, only  nine  rows  of  scales  are  present  above  the  lateral-line  in 
this  anterior  region  as  opposed  to  the  ten  rows  which  are  generally 
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found  between  the  lateral-line  and  the  origin  of  the  dorsal  fin  in 
L.  rhomboides.    Posterior  to  this  the  expected  number  of  scale  rows 
are  present  between  the  dorsal  fin  and  the  lateral-line.    The  normal 
first  row  of  scales  below  the  dorsal  fin  apparently  has   een  utilized 
to  cover  the  surface  where  the  dorsal  spines  are  normally  borne.  X-ray 
photographs  of  the  holotype  of  L.  mercatoris  and  of  the  normal  L.  rhora- 
boides  compared  above  show  that  the  normal  structural  bases  and  their 
internal  pterygiophores  are  present  for  each  01  the  supposed  missing 
spines  in  L.  mercatoris,  Figure  2.     Similar  anomalies  have  occasion- 
ally been  found  in  L.  rhomboides  from  other  areas,  with  fewer  or  more 
fin-rays  missing  (and  once,  even  the  entire  caudal  fin  and  peduncle) 
and  the  area  apparently  completely  healed  and  normally  scaled.  Further- 
more, if  Delsman' s  proportions  involving  various  dorsal  spines  are  made 
so  that  the  fourth  dorsal  spine  of  a  normal  Pinfish  is  used  as  the  first, 
the  fifth  as  the  second,  etc.,  they  are  found  comparable  with  those  pre- 
sented for  L.  mercatoris.    Similarly  the  proportion  involving  the  dis- 
tance between  the  antrose  spine  and  the  second  dorsal  spine  be coses 
comparable  when  the  fifth  spine  in  L,  rhomboides  is  considered  the  sec- 
ond.  The  other  characters  given  by  Delsman  for  L.  mercatoris  fall 
easily  within  the  range  of  variation  for  L.  rhomboides. 

I  therefore  do  not  hesitate  in  placing  Lagodon  mercatoris 
Delsman  into  the  synonomy  of  Lagodon  rhomboides  (Linnaeus). 


Figure  2.    X-ray  photographs  of  Lagodon  rhomboides  (L«), 
(upper)  Holotype  of  L«  mercatorla  Delsman  from 
off  Tortugas,  Florida,  IRSNB  10.911.  (lower) 
Normal  specimen  from  Flamingo,  Monroe  County, 
Florida, 

^Original  X-ray  photograph  by  Mrs.  38tty  J. 
Bradburn,  University  of  Florida  Infirmaryj 
prints  from  the  X-ray  negative  by  Robert  I* 
Hay,  University  of  Florida  College  of  Medicine. 
Original  X-ray  film  exposed  at  50  MA,  32  KV, 
for  one-quarter  second^ 
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COMMON  NAMES 

Though  the  American  Fisheries  Society  (19U8«  369)  lists 
"Pinfish1'  as  the  approved  common  name  for  Lagodon  rhomboides,  this 
species  is  known  by  a  large  assortment  of  other  common  names. 

In  most  local  geographical  areas,  a  single  name  is  usually 
consistently  applied  to  this  species,  and  despite  the  long  list  of 
common  names  sometimes  applied  to  L.  rhomboides,  the  name  "Pinfish" 
is  used  surprisingly  often  by  local  fishermen,  biologists,  etc.  In 
some  areas,  however,  "Pinfish"  applies  to  other  species.    At  Cedar 
Key,  for  instance,  the  name  Pinfish  is  applied  to  the  Grass  Porgy, 
Calamus  arctifrons  Goode  and  Bean,  while  L.  rhomboides  is  called 
"Shiner."     Although  there  are  these  local  variations  in  usage,  in 
general,  L.  rhomboides  is  called  Pinfiah,  Sailor's  Choice,  Bream 
(especially  in  the  Florida  Keys),  or  Chopa  Spina,  in  the  Gulf  states, 
and  Pinfish  or  Sailor's  Choice  on  the  Atlantic  se board.    There  are 
certain  generalized  local  variations  to  this,  such  as  Fair -Maid  in 
Virginia,  Salt-water  Bream  in  South  Carolina,  Piggy -perch  in  certain 
parts  of  the  vestern  Gulf  of  Mexico,  and  Sargo  in  some  areas,  such 
as  parts  of  the  Florida  Keys,  where  this  species  is  often  confused 
with  Archosargus  rhomboidalls.    In  Bermuda  it  is  known  as  Pinfish  or 
Spanish  Porgy. 

The  following  is  a  list  of  common  names  known  to  have  been 
applied  to  Lagodon  rhomboides.    Most  have  been  gathered  from  the  lit- 
erature, but  since  there  is  so  much  repetition  among  authors,  I  have 
not  attempted  to  credit  names  to  any  one  writer.    These  names  arei 
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Banded  Porgy,  Bastard  Margaret,  Bream,  Brim,  Canadian  Bream,  Chopa, 
Chopa  Espina,  Chopa  Spina,  Fair-Maid,  Hogfiah,  Perch,  Pinfish,  Pin- 
fish,  Pigfish,  Pisswink,  Porgy,  Rhoraboidal  Porgy,  Robin,  Roncher, 
Ronco  Blanco,  Ronco  Prieto,  Sailor's  Choice,  Salt-water  Bream,  Sand 
Perch,  Sargo,  Scup,  Sea  Bream,  Shiner,  Shiny  Scup,  Spanish  Porgy, 
Spot,  SquirreUfish,  Thorny-back,  and  lellowtail. 


GEOGRAPHICAL  DISTRIBUTION 


Lagodon  rhomboides  has  been  recorded  in  the  literature  from 
the  entire  coast  of  Atlantic  North  America  from  Cape  Cod  to  Texas 
(see  for  example:    Jordan  and  Evermann,  1902*  hhOf    Jordan,  Ever- 
mann  and  Clark,  1930 :  337;    Storey,  1937 »  21 j  and  Longley  and  Hil- 
debrand,  19ll»  133)}    from  the  Carapeche  Banks  off  the  Tucatan  Pen- 
insula, Mexico  (Hildebrand,  1955*  211 j    Springer  and  Bullia,  1957 : 
85))  from  Bermuda  (Goode,  1877 t  292)}    from  Cuba  (Poey,  1856-58:367)) 
from  Green  Turtle  Cay,  Bahamas  (Lee,  1889»  671))  and  from  Kingston, 
Jamaica  (Fowler,  1939 «  Hi).    Of  these  latter,  non-continental  records, 
only  the  one  from  Bermuda  appears  to  be  based  on  a  permanent  popula- 
tion, the  others  seemingly  appearing  on  the  basis  of  accidentals,  im- 
ports, or  misidentifications,  if  valid  at  all. 

Based  on  present  material  and  recent  field  work,  the  geo- 
graphical range  of  the  Pinfish  probably  would  be  more  correctly  stated 
as:    South  side  of  Cape  Cod  in  the  vicinity  of  Woods  Hole,  Massachu- 
setts, southward  along  the  Atlantic  coast  of  the  United  States,  includ- 
ing the  Florida  Keys,  and  throu^iout  the  Gulf  of  Mexico)  and  Bermuda, 
see  Figure  3. 

Since  this  range  is  at  variance  with  that  noted  above  as  being 
found  in  the  literature,  an  explanation  f  or  it  is  presented  below. 

Apparently  the  most  northern  record  for  L,  rhomboides  is  from 
the  south  shore  of  Cape  Cod  in  the  vicinity  of  Woods  Hole,  Massachu- 
setts (Smith,  1898:  101)    Sumner,  Osburn  and  Cole,  1913:  758).  Big- 
elow  and  Schroeder  (1953)  do  not  include  it  from  the  Gulf  of  Maine  and 
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Figure  3.    Geographical  distribution  of  Lagodon  rhomboides 
(L.)#    The  arrows  indicate  general  directions  of 
major  currents. 
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state  (o£.  clt.il)  "that  the  temperature  of  the  Graf  and  its  fauna 
are  boreal,  and  that  its  southern  and  western  boundaries  ^north 
side  of  Cape  Cod_/  are  the  northern  limit  to  common  occurrence  of 
many  southern  species  of  fishes  and  of  invertebrates."     The  ef- 
fects of  the  southward  flowing  cold  Labrador  Current,  the  north- 
ward flowing  warm  Gulf  Stream,  and  the  deflective  action  of  the 
Cape  on  than,  seem  to  be  responsible  for  this  line  of  demarcation 
which  is  followed  by  the  Pinfish. 

The  recorded  range  of  L.  rhomboides  continues  unbroken  south- 
ward from  Woods  Hole  along  the  Atlantic  continental  coast  of  the 
United  States  to  Bra*os  Santiago,  Texas  (Girard,  1858 i  16 j  Evermann 
and  Kendall,  l89Ut  93,  116).    Investigations  of  the  M/V  OREGON,  re- 
search vessel  of  the  United  States  Fish  and  Wildlife  Service,  have 
also  shown  Pinfish  to  occur  further  south,  in  deeper  water,  off  the 
coast  of  Mexico  at  Lat.  2h°  12*  N«,  Lorv.  97°  17'  W.,  at  OREGON 
station  number  662  (Springer  and  Bullis,  loc.  cit.).    Dr.  Henry  H. 
Hildebrand  and  Mr.  J.  L.  Baughman  both  inform  me  that  Pinfish  occur 
in  the  Mexican  Laguna  Madre,  to  approximately  the  same  latitude  as 
the  offshore  record  from  the  OREGON,  (see  also  section  on  Material  Ex- 
amined).    The  southernmost  record  on  this  coast,  however,  is  appar- 
ently previously  unpublished,  and  consists  of  two  specimens  in  the 
University  of  Michigan  Museum  of  Zoology  (UMMZ  157327)  from  35  miles 
north  of  Tampico,  6  miles  northeast  of  Moron,  Tamaulipas,  Mexico,  at 
approximately  Lat.  22°  50*  N.,  some  80  miles  south  ot  the  OREGON 
record  noted  above. 

Springer  and  Bullis  (loc.  cit.)  and  Hildebrand  (I9i5)  record 
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a  number  of  localities  at  which  L.  rhomboides  has  been  taken  on  the 
Campeche  Banks  off  Yucatan.    The  extremes  of  these  localities  ex- 
tend from  approximately  Lat.  19°  U0«  N.,  Long.  91°  QU'  W.  (off  Point 
Morros,  western  side  of  the  Yucatan  Peninsula),  represented  by  speci- 
mens (OF  1285)  in  the  University  of  Florida  Collections,  to  Lat*  22° 
27'  N.,  Long.  89°  59'  W.  (OREGON  station  number  61*6,  off  the  northern 
end  of  the  Peninsula).    Hubbs  (1936)  did  not  list  the  Pinfish  from 
the  inshore  waters  of  Yucatan,  but  it  should  be  expected  to  occur 
on  its  western  and  northern  coasts.    However,  the  close  proximity  of 
the  continental  shelf  at  the  northeastern  tip  of  Yucatan,  and  the 
strong  northward  flow  of  the  Gulf  Stream  through  the  Yucatan  Channel 
near  this  point,  would  seem  to  make  the  occurrence  of  the  relatively 
shallow-water-living  L.  rhomboides  south  of  this  point  unlikely.  I 
have  postulated  (Caldwell,  1955b i  233)  a  similar  limit  of  distribution 
in  this  region  for  another  continental-shelf -living  porgy,  Stenotomus 
caprinus  Bean. 

As  in  the  case  of  S.  caprinus,  the  discontinuity  in  the  range 
of  the  Pinfish  in  the  lower  Gulf  of  Campeche  is  almost  certainly  an 
apparent  rather  than  real  one  (Caldwell,  op_.  cit.i  232).    There  is 
no  evidence  that  conditions  of  habitat,  or  oceanograpbic  factors, s  re 
not  suitable  for  the  occurrence  of  the  Pinfish  there  (Galtsoff,  et  al., 
195U),  even  though  Jordan  and  Dicker son  (1908)  failed  to  report  it  in 
small  collections  of  fishes  from  Tampico  and  Vera  Cruz  and  Hildebrand 
(195U»  3U0)  did  not  get  it  in  trawling  off  Obregon.    I  also  made  a 
brief  but  unsuccessful  attempt  to  catch  Pinfish  by  hand-lining  in  the 
polluted  harbor  at  Vera  Cruz  in  the  summer  of  195U,  and  neither  did  I 
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see  them  at  the  one  fish  market  visited.    However,  I  did  not  consider 
the  results  of  my  efforts  to  be  a  fair  indication  of  their  presence 
or  absence  there  since  the  harbor  presented  very  unsuitable  condi- 
tions of  habitat  (even  for  the  wide  tolerance  of  Pinfish)  and  I  visit- 
ed the  market  very  late  in  the  morning  after  most  of  the  fish  had  been 
sold  or  cleaned  beyond  recognition,  and  very  few  panfish  were  seen. 
It  is  also  interesting  to  note  that  in  the  cases  of  the  two  papers 
cited  above,  Jordan  and  Dickerson  failed  to  report  Pinfish  from  T«i- 
pico,  which  is  near  the  southernmost  record  cited  earlier,  and  that 
Hildebrand  (in  his  same  1951*  paper)  did  not  report  L.  rhomboides  at 
localities  where  they  are  known  to  occur  (as  is  often  the  case  in 
trawling  operations).    I    seems  likely,  therefore,  that  this  apparent 
break  in  the  range  of  the  Pinfish  is  due  to  inadequate  collecting,  and 
that  the  range  actually  e xtends  throughout  the  Gulf  of  Mexico  to  the 
northeastern  tip  of  Yucatan. 

Despite  the  records  cited  at  the  beginning  of  this  section 
(from  Cuba,  Jamaica,  and  the  Bahamas),  and  although  L,  rhomboides  is 
included  in  the  fauna  of  the  West  Indies  by  authors  (see,  for  example, 
Goode,  18791  1*6,  1880 1  27;   Rivas,  19Wt  17),  the  results  of  this  and 
other  studies  do  not  indicate  that  it  occurs  within  that  area. 

There  is  a  specimen  in  the  United  States  National  Museum 
(USNM  9838),  with  no  date  or  definite  locality,  which  is  cataloged  as 
having  been  collected  in  Cuba  by  Poey  (two  other  specimens  in  this 
collection,  USNM  387U1,  listed  as  having  been  collected  in  Havana  by 
Stimpson,  prove  to  be  A.  rhomboidalis).    Poey  (1856-58 i  >67)  listed 
the  Pinfish  definitely  from  Havana  (og.  cit.i  358),  basing  his  record 
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on  a  "large"  specimen.    In  later  describing;  what  is  clearly  this 
species,  Poey  (I8661  yik)  noted  that  the  specimen  in  hand  was  "nine 
inches  long."     Since  the  specimen  in  the  National  Museum  is  only 
approximately  five  inches  in  standard  length  (six  and  one-half  inches 
in  total  length),  Poey  clearly  saw  more  than  one  Pinfish  from  Cuba. 
However,  in  his  earlier  work,  Poey  (l856-58i  367)  remarks  that  the 
Pinfish  in  Cuba  is  a  "species  dubia"  and  notes  (o£.  cit.t  395)  that 
fishes  so  designated,  unless  it  is  otherwise  stated,  have  not  been 
taken  in  Cuba  since  the  first  record  of  its  occurrence  there.  Thus 
even  Poey  seemed  to  have  doubts  about  its  regular  appearance  in  Cuba. 
Whether  the  listing  of  Pinfish  from  Cuba  in  1868  (Poey,  1868 1  310) 
was  based  on  new  material  is  not  made  clear,  though  he  cites  the 
1866  work  (perhaps  thus  basing  the  new  record  on  the  old).  Mr. 
Luis  R.  Rivas  of  the  University  of  Miami  tells  me  that  he  understands 
that  many  of  the  fishes  studied  by  Poey  were  obtained  in  the  Havana 
Fish  Market,  and  though  Poey  may  have  understood  in  good  faith  that 
the  Pinfish  he  was  studying  had  come  from  Cuban  waters,  it  is  quite 
possible,  and  even  likely,  that  it  did  not.    In  Poey's  time  it  was 
often  the  practice  of  Cuban  fishermen  to  visit  the  Florida  Keys  or 
Campeche  and  return  with  live  fish  in  the  live-wells  of  their  vessels, 
and  thus  Poey's  Pinfish  may  well  have  reached  Havana  in  this  manner 
from  a  locality  within  the  natural  range  of  the  species,  rather  than 
having  been  caught  in  Cuban  waters.    It  is  even  conceivable  that  since 
so  many  foreign  fish  came  into  Cuba  alive  at  that  time  that  some  Pin- 
fish escaped  and  were  subsequently  retaken  under  natural  conditions 
though  they  were  not  native  there  and  never  became  e  stablished  as  a 
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permanent  population.    Since  the  residence  of  the  Pinfish  in  Cuba  was 
in  such  doubt,  despite  Poey's  specimen  and  remarks,  an  effort  was 
made  during  this  study  to  verify  or  deny  it.    In  the  fall  of  195U, 
Dr#  Archie  Carr,  Mr.  Leonard  Giovarmoli,  and  I  made  a  concerted  but 
unsuccessful  effort  to  collect  Pinfish  at  Playa  baracoa  (just  west 
of  Havana)  in  habitats  which  in  Florida  would  be  considered  perfect 
for  this  species.    We  were  equally  unsuccessful  in  finding  L.  rhom- 
boides at  Batabano,  on  the  south  coast  of  the  island,  and  in  several 
trips  to  the  main  Havana  Fish  Market  where  fishes  of  all  sises  and 
descriptions  are  brought  in  from  points  all  around  the  coast  of  the 
island.    Nichols  (1912 »  189 )  did  not  report  Pinfish  from  this  market 
either,  but,  as  we  did  there  and  in  our  field  observations,  he  found 
A.  rhomboidalls  to  be  relatively  common  at  all  times.    Dr.  Carr  again 
interviewed  many  fishermen  at  numerous  Cuban  seacoast  towns  in  the 
susmer  of  1955  and  found  no  evidence  of  Pinfish.    As  we  had  discover- 
ed on  our  enrlier  trip,  he  found  that  when  shown  pictures  and/or  speci- 
mens of  both  species,  the  Cubans  do  not  distinguish  L.  rhomboides  and 
A.  rhomboidalls.    Thus  if  shown  only  a  Pinfish,  they  would  undoubtedly 
say  it  occurs  in  Cuba,  and  would  thus  compound  the  error  of  its  occur- 
rence there.    I  also  visited  the  fish  collection  of  the  Museo  Poey  at 
the  University  of  Havana  and  found  no  specimens  of  L.  rhomboides.  It 
becomes  apparent,  therefore,  that  despite  Poey's  material,  the  true 
origin  of  which  can  never  be  positively  known,  the  Pinfish  does  not 
now  occur  in  Cuban  waters,  if  it  ever  did  so.    The  literature  reports 
since  the  time  of  Poey  are  seemingly  based  on  his  records,  (s  e  for 
example,  Jordan  and  Evermann,  1896»  390,  I8981  1358j    Jordan,  Evermann 


35 

and  Clark,  1930t  337 J    Breder,  19U8t  185}    Gabrielson  and  LaKonte, 
1950 J  58}    LaHonte,  1952*  113}  and  Sanchez-Roig  and  Gomez  de  la 
Maza,  1952 t  69). 

Like  the  Cuban  record,  the  only  Jamaican  record  (Fowler, 
1939:  lit)  ie  based  on  a  market  specimen  from  Kingston.    Though  Fow- 
ler notes  that  the  specimen  is  deposited  in  the  collections  of  the 

Academy  of  Natural  Sciences  at  Philadelphia,  several  eff^ -s  by  Dr. 
■ 

Bohlke  (one  as  late  as  December,  1956)  have  failed  to  produce  the 
specimen  for  verification.    Hr.  C.  Bernard  Lewis  of  the  Science  Museum 
Institute  of  Jamaica  writes  that  he  knows  of  no  other  records  of  the 
Pinfish  from  the  island.    Since  it  is  unreported  from  so  many  nearby 
West  Indian  localities,  and  since  it  is  so  often  confused  at  first 
glance  with  A,  rhomboidalis,  a  species  which  Fowler  did  not  include 
in  his  list  which  does  occur  in  Jamaica  (Bean  and  Dresel,  1885 »  l58| 
Jordan  and  Rutter,  1898 1  112),  this  record  must  b<"  s&gat  with  doubt 
until  the  provenance  and  identification  of  the  specimen  is  verified 
or  others  are  taken  there. 

Like  the  records  from  Cuba  and  Jamaica,  the  record  of  L,  rhpm- 
boldes  from  the  must  be  viewed  with  extreme  doubt.    There  is  at 

present  no  available  specimen  with  which  the  Green  Turtle  Cay,  Bahamas 
(Lee,  1889 t  671)  record  can  be  confirmed  or  denied.  It  was  reportedly 
collected  by  a  group  of  students  from  Johns  Hopkins  University,  but 
Dr.  B.  H.  Willier,  chairman  of  the  zoology  department  there,  wrote  me 
in  1955  that  though  a  number  of  collecting  trips  had  been  made  to  such 
areas  in  the  late  19th  century  by  Johns  Hopkins  students,  there  was  no 
reference  to  these  fish  in  the  records  of  those  expeditions  and  that  he 


36 

knew  no  specimens  from  the  Bahamas  had  been  at  the  University  since  he 
took  over  the  chairmanship  of  the  department  in  19b0.    To  my  knowledge 
there  are  no  Pinfish  listed  as  being  definitely  from  the  Bahamas  in 
collections,  though  the  United  States  National  Museum  contains  seven 
specimens  (USNM  6108)  labeled  only  "Bahamas  ?"  with  no  date  of  collec- 
tion, collector,  true  locality,  or  reason  as  to  why  they  are  so  labeled. 
Dr.  Giles  Mead  of  the  United  States  Fish  and  Wildlife  Service  kindly 
checked  the  Museum's  fish  catalog  and  has  been  unable  to  shed  further 
light  on  the  question.    Bean  (190$),  in  listing  fishes  collected  in  the 
Bahamas,  did  not  include  Pinfish,  nor  was  it  included  by  Nichols  (1921), 
Breder  (1927),  Parr  (1930),  or  Fowler  (l9l»h)  in  their  various  studies 
on  fishes  of  the  islands.    I  have  collected  in  the  Nassau  area  in  good 
Pinfish  habitat  and  on  a  number  of  days  have  visited  the  market  there, 
where  small  fishes  from  most  of  the  Out  Islands  are  sold,  and  did  not 
find  it.    Dr.  Bohlke  and  Mr.  Charles  C.  G.  Chaplin  tell  me  they  have 
not  obtained  the  species  in  their  extensive  collecting  for  their 
forthcoming  handbook  of  Bahamian  fishes.    Dr.  C,  M,  Breder,  Jr.,  Dr. 
Louis  Krumholz,  and  Mr.  Don  McCarthy,  Mr.  Donald  deSylva,  Mr.  Marshall 
Bishop,  and  >■  r.  F.  G.  Wood  have  all  informed  me  that  neither  they  nor 
their  immediate  associates  know  of  any  records  for  Pinfish  in  either 
the  Bahamas,  Bimini,  or  Grand  Bahama,  respectively.    In  view  of  this 
evidence  and  the  lack  of  a  specimen  for  verification,  the  single  record 
of  Pinfish  from  the  Bahamas  must  have  been  based  on  a  misidentification 
or  stray  specimen  and  the  species  is  not  expected  to  regularly  occur 
there,  if  at  all. 

Further  evidence  for  the  absence  of  L.  rhomboldes  from  the 
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West  Indies,  and  actually  from  the  entire  Caribbean,  is  given  by 
citing  several  important  fauna!  lists  which  cover  many  Caribbean 
and  West  Indian  localities  and  which  fall  to  include  finfish.  Some 
of  these  are:    Evermann  and  Marsh,  1902  (Puerto  Rico)j  Ketzelaar, 
1919  (Dutch  West  Indies),  1922  (Lesser  Antilles )j    Meek  and  Hiidebrand, 
1925  (Panama) |    Fowler,  1928  (Bahamas,  Haiti,  Puerto  Rico,  St.  Lucia, 
Dominica),  19hU  (numerous  Antillean  islands  ana  banks,  Central  Amer- 
ica, Cayman  Islands),  1952b  (Hispaniola),  1953  (Colombia) j  Beebe 
and  Tee-Van,  1928  (Haiti),  1935  (Haiti,  Santo  Domingo)}  Nichols,  1929 
(Puerto  Rico,  Virgin  Islands)}    and  Herre,  1912  (Antigua,  Barbados). 
In  addition,  Mr.  Dudley  Wiles,  Mr.  J.  L.  Baughman,  Kr.  Leonard  Giovan- 
noli  and  Mr.  Larry  Ogren,  Mr.  Gaston  Blanche,  Mr.  Frank  J.  Mather,  III, 
and  Dr.  Archie  Carr  have  told  me  that  they  could  give  no  records  of  its 
being  found  in  the  respective  localities  of  Barbados,  Central  America, 
Costa  Rica,  Martinique,  the  Virgin  Islands,  and  numerous  Caribbean  lo- 
calities. 

Other  than  the  questionable  records  from  Jamaica  and  the  Baham- 
as, and  the  specimens  from  Cuba  and  the  "Bahamas  ?"  previously  dis- 
cussed, I  have  found  no  mention  of  extra-continental  specimens  of  L.  rhom- 
boides  other  than  from  Bermuda. 

Though  G  ode  (1876)  did  not  include  Pinfish  in  his  catalog  of 
Bermuda  fishes,  he  did  list  it  in  the  following  year  (Goode,  I877i  292), 
and  in  188U  (Goode,  1881*  i  393)  he  noted  that  it  was  not  uncommon  in 
the  Bermudas,  though  Beebe  and  Tee-Van  (1933*  161)  stated  that  it  was 
known  there  only  from  a  published  record  ^"presumably  Goode* s_/.  Even 
though  it  is  apparently  rare  there,  Mr.  Louis  Mowbray,  Director  of  the 
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Government  Aquarium  at  Flatts,  and  a  frequent  and  excellent  field 
observer  and  collector,  wrote  me  in  19!>U  concerning  theau    "I  have 
seen  both  the  adult  and  half -grown  (3")  fish  here  on  rare  occasions 

 I  doubt  whether  I  have  seen  them  ten  times  in  the  p  st  2$ 

years,  so  they  are  anything  but  common;"    and  in  1956  he  told  m 
that  when  caught  by  hook-and-line  or  in  traps,  they  are  usually  taken 
only  one  at  a  time.    There  are  also  a  few  specimens  from  the  islands 
in  collections  (see  section  on  Material  Examined).    The  currents  which 
form  a  barrier  to  the  dispersal  of      rhomboldes  to  the  "est  Indies 
seem  also  to  account  for  its  presence  in  Bermuda.    As  shown  by  Sver- 
drup,  Johnson  and  Fleming  (19U2»  chart  VII),  there  are  large  swirls 
or  eddies  from  the  Gulf  Stream  which  bathe  the  Bermudas,  and  because 
of  these  currents  a  few  Pinfish,  most  likely  stray  post-larvae  or 
young  traveling  with  floating  weed,  are  apparently  able  thus  to  reach 
the  islands  from  the  continent,    Nr«  Mowbray  wrote  further  in  195U« 
"It  would  appear  that  they  might  arrive  here  while  quite  young  while 
sheltering  under  sargassum  weed,  as  do  so  many  other  young  fish  when 
•lost.  1    I  think  that  it  is  the  only  way  in  which  they  would  ever 
reach  the  islands." 

Following  Matthew  (1939*  32),  it  can  be  assumed  that  L.  rhom- 
boldes had  an  origin  in  North  American  continental  waters.    This  is 
certainly  its  center  of  abundance  today,  and  fossil  evidence  indicates 
that  it  or  a  closely  related  ancestor  has  existed  in  these  waters  at 
least  since  the  middle  Miocene.    The  barrier  to  its  spread  to  the  An- 
tilles and  Bahamas  is  apparently  the  deep  water  gap  which  has  existed 
since  the  Pliocene  (Schuchert,  1955)  much  as  it  does  today  and  which 
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is  now  actively  represented  by  the  deep  channel  and  relatively  fast- 
flowing  current  of  the  Gulf  Stream.    This  barrier  to  dispersal  to 
the  islands  today  seems  to  be  related  primarily  to  two  major  factors* 
Probably  the  most  important  of  these  is  depth.    The  Stream  reaches 
hundreds  of  fathoms  close  to  its  edges,  while  Finfish  (including 
pelagic  larvae)  are  unknown  from  greater  than  forty  fathoms,  despite 
numerous  trawl  stations  and  plankton  tows  made  in  deeper  water  by 
various  research  vessels.    The  other  factor  is  one  of  current.  Even 
though  the  larvae  seem  to  be  hatched  offshore  (see  section  on 
Spawning),  they,  older  young  possibly  sheltering  under  floating  weed, 
or  even  adults,  any  of  which,  when  finding  themselves  misplaced  into 
the  deep  fast-flowing  Stream,  would  almost  certainly  not  be  able  to 
swim  or  otherwise  be  carried  across  it  to  the  islands  of  the  West 
Incies  before  being  swept  north  of  them.    The  general  directions  fol- 
lowed by  these  currents  are  outlined  by  Sverdrup,  Johnson  and  Fleming 
(loc  cit.),  Galtsoff  (195U»  29),  and  Leipper  (l95h»  121-122),  and  it 
may  be  seen  from  these  charts  that  there  are  apparently  no  counter- 
currents  which  originate  in  continental  waters  and  flow  to  the  Antil- 
les, Bahamas,  or  the  Caribbean  in  general,  and  which  could  carry  L. 
rhomboidos  to  those  areas. 

As  already  noted,  it  is  apparently  the  effect  of  the  Gulf 
Stream  which  can  account  for  the  presence  of  Pinfish  in  Bermuda  and 
for  their  occurrence  as  far  north  as  Woods  Hole  in  continental  waters. 
Furthermore,  it  is  the  loss  of  the  warming  properties  of  that  current, 
brought  about  by  the  presence  of  the  cold  Labrador  Current,  which  seems 
to  prevent  the  successful  dispersal  of  this  species  north  of  Cape  Cod. 


GEOGRAPHICAL  VARIATION 


Although  its  range  Includes  some  23  degrees  of  latitude, 
L.  rhoraboldes  shows  a  marked  lack  of  geographical  ■variation,  based 
on  the  morp home trie  characters  examined  during  chis  study. 

Though  a  number  of  meristic  and  proportional  characters 
were  examined,  only  the  number  of  lateral-line  scales  was  found 
to  show  any  tendency  toward  geographical  variation.    Though  other 
characters  varied,  they  seemed  to  do  so  essentially  to  the  same 
degree  throughout  the  range  of  the  Pinfish  (on  a  mean  as  well  as 
range  of  variation  basis)  and  this  variation  in  general  could  be 
attributed  to  normal  genetic  variation  expected  in  any  population 
or  to  ontogeny,  though  unknown  factors  not  related  to  these,  or  to 
physical  factors  of  the  environment,  may  have  been  in  operation. 

Since  large  samples  of  Pinfish  from  any  one  locality  are 
not  generally  available  in  collections,  the  data  obtained  were 
lumped  to  include  large  geographical  areas  which  biologically  seem 
reasonably  to  be  termed  single  populations,  and  by  doing  so,  I  was 
able  to  obtain  samples  more  valid  for  statistical  analysis.  Numer- 
ous localities  are  represented  within  each  area  and  in  the  process 
of  grouping  it  was  assumed  that  all  segments  of  the  large  population 
group  were  included. 

Since  the  fishes  of  the  Atlantic  seaboard  have  been  shown  to 
differ  somewhat  from  those  of  the  Gulf  of  Mexico  (Gins burg,  1952 1  99 ; 
Evermann  and  Kendall,  1900 j  Kk),  all  of  the  material  from  Cape  Cod  to 
Ft.  Lauderdale,  Florida  (lower  peninsular  east  coast)  was  included  as 
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one  group.   Those  from  the  Gulf  of  Mexico  proper,  from  Cape  Romano, 
Florida  (lower  peninsular  west  coast),  around  the  Gulf  Coast  to 
Tampico,  Mexico,  were  considered  in  a  second  group.    Since  the 
Florida  Keys  (from  Biscayne  Bay  to  Tortugas)  are  considered  by  many 
(see  for  example  Ginsburg,  loc.  cit. )  to  be  fatalistically  different 
from  the  rest  of  the  waters  of  Florida  (being  more  tropical  than 
temperate),  the  specimens  from  this  area  (with  those  from  Florida 
Bay)  were  included  as  a  third  group.    Though  there  seems  to  be  no 
real  e geological  basis  for  it  (see  section  on  Ueo graphical  Distribu- 
tion), the  Pinfish  of  the  Campeche  Bank  are  seemingly  isolated  and 
they  were  thus  included  as  a  fourth  group,  though  only  a  small  sample 
was  available.    Likewise,  Bermuda  is  compared  as  the  fifth  group. 

The  frequency  distributions  of  lateral-line  scales  from  these 
five  groups  (as  well  as  that  of  all  data  combined)  are  given  in 
Table  1.   These  same  data  are  graphically  compared  in  Figure  u,  using 
a  format  suggested  and  discussed  in  detail  by  Hubbs  and  Hubbs  (1J.3). 
In  each  diagram,  the  mean  is  represented  by  a  vertical  line  at  the 
midpoint  of  the  body  of  the  diagram.    The  blackened  bar  indicates 
two  standard  errors  of  the  mean  on  each  side  of  the  mean.  One-half 
of  each  black  bar,  plus  the  white  bar  at  either  end,  shows  one  stand- 
ard deviation  on  either  side  of  the  mean.    The  solid  horizontal  line 
indicates  the  observed  ran  e  of  variation.    The  small  vertical  lines 
near  the  extremes  of  this  horizontal  line  indicate  three  standard 
deviations  on  either  side  of  the  mean.    If  the  three  standard  devia- 
tions exceed  the  observed  range  on  either  side  of  the  mean,  this  is 
so  indicated  by  a  dashed  line  (see  Cazier  and  Bacon,  19h9i  Dickinson, 
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Figure  lu    Geographical  variation  in  the  number  of  lateral 
line  scales  of  Lagodon  rhomboides  (L.).  See 
text  for  explanation  of  figure  and  for  exact 
delineation  of  geographical  groups. 
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1952).    The  standard  deviation  is  a  measure  of  dispersion,  the 
standard  error  of  the  mean  one  of  reliability.    As  shown  by  Hubbs 
and  Hubbs  (op.  cit.),  the  statistical  significance  of  the  differ- 
ences between  the  samples  thus  graphed  can  be  analyzed  without 
further  calculations. 

Even  though  there  is  only  a  very  small  sample,  the  mater- 
ial from  Bermuda  is  not  statistically  dif  ferent  from  that  of  the 
Atlantic  seaboard  and  the  Gulf  of  Mexico  proper.    Though  it  is  un- 
known if  a  breeding   opulation  is  present  in  the  islands,  there  is 
apparently  enough  recruitment  from  the  mainland  populations  to  pre- 
vent any  incipient  speciation. 

Likewise,  there  is  no  significant  difference  between  the 
groups  of  Pinfiah  from  the  Atlantic  seaboard  and  the  Gulf  of  Mexico 
proper.    It  was  found,  however,  that  there  is  a  tendency  for  some 
variation  on  a  mean  basis  between  local  areas  in  these  two  large 
groups.    However,  these  ranges  of  variation  almost  completely  over- 
lap and  the  localized  mean  differences  showed  no  statistical  sig- 
nificance, even  when  samples  from  wide  extremes  of  latitude  were 
compared.    Similar  clines  were  foisnd  by  deSylva,  Stearns  and  Tabb 
(1956)  in  their  study  of  the  scales  of  members  of  local  populations 
of  the  Black  Mullet,  Mugil  cephalus  L.,  in  Florida,  though  they 
found  a  greater  mean  scale  count  in  lower  latitudes,  while  Pinfish 
showed  a  tendency  toward  a  lesser  mean  scale  count.    These  authors 
also  present  an  excellent  summary  of  earlier  studies  showing  intra- 
population  clines  based  on  other  morphological  characters.  They 
have  further  suggested  that  it  is  probable  that  the  cline  in  the  num- 


ber  of  mullet  scales  is  due  to  phenotypic  manifestations  related 
to  physical  factors  (primarily  teaperature)  of  the  environment. 
They  have  cited  a  number  of  experimental  studies  in  which  tempera- 
ture has  been  shown  to  be  operative  in  modifying  characters  which 
are  often  used  by  ichthyologists  as  supposedly  useful  tools  for 
demonstrating  variations  with  taxonomic  significance.    It  has  been 
further  shown  that  this  environmental  modification  can  often  take 
r.lace  late  in  the  development  of  the  individual.   Thus  genetic  dif- 
ferences may  not  be  wholly  responsible  for  the  variation  in  the 
number  of  variants  in  a  meristic  character.    Studies  summarized  by 
deSylva,  Stearns  and  Tabb  (cj>.  cit.),  have  shown  that  the  number  of 
scales  is  apparently  fixed  during  the  d  evelopment  of  the  post-larvae, 
and  that  temperature  is  an  important  factor  in  this  process. 

Pinfish  apparently  spawn  offshore,  and  it  must  be  assumed  that 
the  larvae  are  widely  distributed  by  currents  and  that  even  adults  from 
diverse  areas  may  meet  offshore  while  spawning.    There  thus  must  be  a 
wide  exchange  of  genes  each  spawning  season  and  with  it  little  possibil- 
ity for  permanent  genetic  isolation.    These  assumptions  are  corrobor- 
ated by  the  extreme  lack  of  geographical  variation,  as  noted  above.  It 
must  be  further  assumed,  therefore,  that  the  only  character  showing  a 
tendency  to  clines,  the  lateral-line  scale  count,  must  be  related  to 
some  ohysical  factor  of  the  environment,  rather  than  to  genetic  factors 
alone.   Such  a  relationship  apparently  exists,  with  the  temperature  of 
the  inshore  waters  where  the  post-larvae  (as  defined  by  Hubbs,  19U3* 
260)  develop. 

That  Pinfish  are  spawned  offshore  and  then  move  inshore  to 
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undergo  much  of  their  post-larval  and  later  development  was  first 
suggested  by  Hildebrand  and  Cable  (1938 1  52l»)  and  this  idea  has 
fclfB  'iven  added  suonort  by  tho  results  of  the  present  study. 

Scales  are  apparently  first  formed  in  Pinfish  of  about  15  «*u 
(late  post-larvae).   The  young  scaleless  fish  first  arrive  in  inshore 
waters  when  about  11  ran.  long.    Thus,  assuming  temperature  is  an  im- 
portant factor  in  determining  the  number  of  lateral-line  scales,  and 
assuming  the  scale  number  is  fixed  shortly  before  the  scales  are  formed, 
the  Pinfish  would  have  moved  into  the  shallow  inshore  waters  and  would 
thus  be  under  the  influence  of  the  temperature  there  at  Just  about  the 
time  in  their  development  when  the  scale  number  is  fixed.    Since  the 
vaters  of  any  local  area  would  have  approximately  the  same  temperature 
each  year  during  the  spawning  (and  early  development)  season,  the  young 
Pinfish  developing  in  that  area  would  show  consistently  each  year  a 
mean  number  of  lateral-line  scales  characteristic  of  that  general  area, 
and  related  to  the  predictable  temperature  of  that  area  during  the  sea- 
son of  development,  though  they  would  still  remain  genetically  indis- 
tinct from  the  members  of  a  population  from  a  neighboring  area.  With 
this  in  mind,  it  was  found  that  the  number  of  lateral-line  scales  can 
be  correlated  with  the  temperature  of  the  waters  in  whi  ch  the  fish  de- 
velop, with  fewer  scales  on  fish  from  warmer  water.    Thus  the  long 
spawning  season  of  the  Pinfish  may  account  in  part  for  the  wide  varia- 
tion in  scale  number  from  any  given  locality,  with  the  mean  number  of 
scales  being  fixed  by  the  temperature  when  spawning  is  at  its  peak, 
and  the  range  being  due  to  temperature  variation  as  well  as  represent- 
ing the  genetic  limits  of  the  character.     This  range  of  variation 
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may  be   further  modified  by  the  movements  of  the  adults  from  one 
area  to  the  next,  either  by  simple  along-shore  movements,  or  during 
their  offshore -inshore  movements  (see  section  on  Ecology)  in  which 
an  individual  might  move  offshore  at  one  angle  to  the  coastline  and 
then  return  to  the  inshore  waters  at  an  opposing  angle  (rather  than 
along  its  original  track),  and  thus  find  itself  at  a  considerable 
shoreline  distance  from  its  original  point  of  departure.    It  would 
be  desirable,   then,  to  treat  the  scale  number  of  large  samples  of 
young  (0-year  class),  and  thus  not  yet  migrating,  fish  from  many 
areas  and  from  the  same  month,  preferably  one  early  in  the  season 
in  order  to  try  to  eliminate  the  effects  of  accumulation  of  repre- 
sentatives of  past,  different  temperatured,  months.    Such  a  study 
might  show  narrower  limits  of  variation  of  scale  number  in  local  po  u- 
lations  which  could  be  even  more  closely  correlated  with  the  water 
temperature  of  the  area. 

Though  the  ranges  of  variation  widely  overlap,  there  is  a 
statistically  significant  difference  from  the  Florida  Keys  group  as 
compared  to  the  groups  from  the  Atlantic  seaboard,  Gulf  of  Mexico 
proper,  and  Bermuda  (Figure  h)»    However,  since  this  difference  is  not 
reflected  in  the  other  characters  examined,  and  since  the  Keys  feel 
the  full  force  of  the  warming  Gulf  Stream  (without  the  counter  cooling 
effects  of  cold  air  temperature  and  cool  counter-currents),  and  is  thus 
more  tropical  than  temperate  (Gins burg,  1952 i  100),  the  mean  lateral- 
line  scale  count  would  be  expected  to  be  consistently  quite  low  in  that 
region.    This  relationship  of  scale  number  and  the  water  temperature 
during  post-larval  development  has  been  discussed  above.    It  was  found 
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that  the  mean  of  the  scale  count  of  the  specimens  from  the  Upper  Keys 
(Blscayne  Bay  southwest  to  Marathon,  and  Florida  Bay)  was  almost  iden- 
tical with  that  of  the  sample  from  the  Lower  Keys,  though  the  two  areas 
are  sometimes    considered  faunistically  different.    Thus  all  of  the 
Keys  can  be  considered  as  a  group  and  hence  this  tendency  for  a  low 
lateral-line  scale  count  is  distributed  throughout  the  island  group, 
though  no  taxonomic  significance  is  presently  attributed  to  it. 

Though  the  sample  from  Campeche  is  small,  the  group  is  sta- 
tistically significantly  different  from  that  of  the  Gulf  of  Mexico 
proper  (Figure  h)$  though  it  is  not  significantly  different  from  the 
Atlantic  seaboard  and  Bermuda.    It  is  quite  like  the  Keys  group  in 
character.    Like  the  Keys,  the  Campeche  area  receives  a  strong  warm- 
ing influence  from  the  Gulf  Stream,  especially  during  the  months  of 
Pinfish  spawning  and  post-larval  development  (Galtsoff,  1951*:  2?j 
Leipper,  19$k*  122).    Furthermore,  the  distribution  of  currents  in 
the  Gulf  of  Campeche  during  the  time  of  year  Pinfish  spawn  tends, 
apparently,  to  keep  the  temperature  of  the  Campeche  Bank  area  somewhat 
higher  than  the  Florida  Keys  (Leipper,  o£.  cit. :  128).    Thus,  an  even 
lower  scale  count  should  be  expected  on  Pinfish  from  Campeche  than  on 
those  from  the  Keys,  and  this  is  actually  the  tendency. 


MORPHOLOGICAL  VARIATION  WITH  WATER  DEPTH 

Since  it  had  been  suggested  to  me  that  the  Pinfish  from  deep 
water  offshore  might  be  different  morphologically  from  those  of 
shallow  inshore  waters,  a  comparison  was  made  between  the  number  of 
lateral-line  scales  of  specimens  trawled  at  forty  fathoms  in  the 
northeastern  Gulf  of  Mexico  and  the  number  of  scales  on  specimens 
from  the  northeastern  Gulf  which  had  been  taken  inshore,  from  waters 
of  five  fathoms  or  less.    The  frequency  distribution  of  the  scales 
of  these  samples  is  presented  in  Table  2  and  statistical  diagrams 
(as  described  in  the  section  on  Geographical  Variation)  are  given 
as  Figure  5.    It  may  be  seen  from  these  diagrams  that  no  statistically 
significant,  difference  exists  between  the  two  samples. 

Actually,  the  lack  of  significance  between  the  two  samples  is 
not  surprising.    Not  only  are  all  Pinfish  post-larvae  apparently 
reared  inshore,  and  thus  subject  to  the  same  factors  of  t  emperature 
during  their  development  in  the  northeastern  Gulf,  but  there  is  als  o 
an  unbroken  range  of  depths  at  which  Pinfish  have  been  taken,  and 
thus  a  continuous  population  apparently  exists  from  inshore  to  the 
forty-fathom  extreme. 

Though  the  one  large  series  compared  above,  taken  at  forty 
fathoms  in  the  northeastern  Gulf,  tended  to  be  dark  in  color  and 
shallow  in  body  depth,  a  few  specimens  taken  from  forty  fathoms 
elsewhere  were  more  normally  colored  (lighter)  and  were  deep  bodied. 
Thus  in  these  and  other  characters  (such  as  fin-ray  counts  and  other 
body  proportions)  the  material  examined  from  forty  fathoms  as  a  whole 
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Figure  5.   Variation  with  water  depth  in  the  number  of  lat- 
eral-line scales  of  Lagodon  rhomboides  (L.),  from 
the  northeastern  Gulf  of  Mexico.   See  text  far 
explanation  of  figure. 
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falls  within  the  ranges  of  variation  for  any  single  local  popu- 
lation* 


MORPHOLOGY 

Though  various  authors  have  given  rather  detailed  descriptions 
of  the  morphological  characters  of  L.  rhoraboides,  many  of  the  charac- 
ters vary  more  than  these  writers  have  indicated,  and  such  variations 
will  be  discussed  below.    Of  these  previously  published  descriptions, 
that  given  by  Holbrook  (i860:  59f . )  is  particularly  complete*  How- 
ever, since  this  work  is  also  quite  rare,  the  reader  is  referred  also 
to  Jordan  and  Evermann  (1898:  1357-58),  Smith  (1907 1  299),  Eigenmann 
and  Hughes  (1888:  66)  and  Hildo brand  and  Schroeder  (1928:  265). 

MERISTIC  COUNTS t 

Various  meristic  characters  were  investigated  In  the  course 
of  the  study  of  geographical  variation.   While  the  ranges  of  varia- 
tion in  these  do  not  show  significant  geographical  differences,  they 
do  give  a  better  indication  of  the  morphological  variation  in  this 
species  as  a  whole  than  do  the  works  of  the  authors  cited  above. 

Fin-Rays 

The  post-larval  development  of  the  fin-rays  has  been  discussed 
by  Hildebrand  and  Cable  (1938).    Once  the  fins  have  completely  devel- 
oped in  an  individual,  there  is  apparently  no  further  ontogenetic 
change  in  the  number  or  character  of  the  elements. 

Vertical  fins  —  The  vertical  fin-ray  counts  for  the  specimens 
examined  are  presented  in  Tables  3  and  U.    It  may  be  seen  that  most  in- 
dividuals possess  a  dorsal  count  of  twelve  spines  (expressed  as  XII) 
and  eleven  branched  soft  rays  (expressed  as  11).    The  anal  fin  count 
is  III,  11  in  almost  all  of  the  specimens  examined.    It  may  further 
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Table  h 


Variation  in  anal  fin-ray  counts  in  Lagodon  rhoraboides . 
See  text  for  explanation  of  regions  listed. 


in,  7      HI|  10      III,  11      III,  12      IV,  10 


Atlantic 

Seaboard  3  137  1  1 

Gulf  of 

Mexico  217  3  1 

Proper 

Florida 

Keys  1  103  1 

Campeche 

Bank  lU 
Bermuda  8 

All  Data  1  3  h79  5  2 
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be  seen  in  the  tables  that  the  dorsal  fin  is  more  apt  to  show  a 
divergence  from  the  modal  count  than  the  anal*    Usually  when  one 
of  these  two  fins  shoved  a  divergence,  the  other  did  not.    In  only 
three  of  the  thirty  cases  in  which  the  dorsal  showed  a  count  other 
than  XII,  11  did  the  anal  show  other  than  the  modal  number  of  elements. 
In  two  of  these  instances  the  dorsal  count  was  XIII,  10,  while  the 
anal  was  III,  1?  and  IV,  10.    In  the  third  case,  the  dorsal  was 
XII,  12  and  the  anal  III,  12,    The  other  eight  times  the  anal  showed 
a  divergent  count,  the  dorsal  count  was  XII,  11,  as  expected. 

In  some  instances,  a  reduced  number  of  elements  in  the  dor* 
sal  fin  obviously  was  due  to  earlier  injuries  to  the  first  spines. 
However,  since  it  could  not  always  be  ascertained  externally  with 
any  degree  of  certainty  whether  the  reduced  number  of  spines  was 
due  to  genetic  or  environmental  factors,  all  specimens  examined  are 
included  in  Table  3»    It  has  previously  been  shown  in  this  paper  that 
Delsman  (19U1»  70),  with  a  single  specimen,  which  showed  such  an  ab- 
errant condition,  described  a  new  species  (L.  mercatoris)  of  the  genus 
Lagodon. 

There  is  normally  no  break  in  the  membranes  between  the  first 
spine  and  the  last  ray  of  the  dorsal  and  anal  fins.    The  last  soft 
ray  of  these  fins  is  split  to  the  base,  and  thus  has  a  characteristic 
appearance  as  compared  to  the  fins*  other  soft  rays.    It  was  thus 
assumed  that  unless  there  was  an  obvious  traunacic  blank  between  the 
first  spine  and  the  last,  typically  split,  soft  ray,  the  fin  behind 
the  first  soine  was  normal.    In  one  case,  a  specimen  was  found  which 
had  an  anal  count  of  III,  7.    -n  this  instance  the  complete  membrane 
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seemed  to  be  present,  but  the  last  four  rays  were  missing,  thus 
leaving  a  large  sheet  of  ray less  membrane  at  the  posterior  end  of 
the  fin.    In  several  fish  it  was  noted  that  not  only  was  the  last 
anal  soft  ray  split  to  the  base  as  normally  expected,  but  the  next 
adjacent  ray  originated  at  this  aems  base,  instead  of  at  its  own, 
which  was  Hissing.    This  then  resulted  in  a  reduced  soft-ray  count, 
since  the  bases  of  the  elements  were  counted  rather  than  the  ele- 
ments themselves.    It  should  be  noted,  however,  that  all  low  soft 
ray  counts  were  not  due  to  this  condition,  but  rather  the  fin  had 
the  low  number  of  elements  as  veil  as  fewer  bases.    In  no  case  was 
the  last  soft  ray  found  to  be  missing  obviously  due  to  injury,  in 
either  fin. 

The  infrequently  occ  rrlng  divergent  counts  not  obviously 
attributable  to  injury  in  later  development  either  may  be  the  result 
of  alxiormalitles  in  early  embryologlcal  development  (such  as  the 
development  as  a  spine  of  an  element  normally  expected  to  be  a  soft 
ray,  or  the  failure  of  an  element  to  develop  at  all)  or  they  may  be 
true  genetic  mutants. 

Pectoral  fins  —  While  as  few  as  Hi  and  as  many  as  17 
elements  were  rarely  counted  in  the  material  examined,  the  pectoral 
fin-ray  count  was  usually  16,  though  not  rarely  15,    Furthermore,  though 
the  count,  whatever  it  was,  was  usually  the  same  for  each  side  of  the 
fish,  some  individuals  showed  one  value  for  one  side  and  another  on  the 
other,  in  almost  every  combination  of  the  above  variants. 

Pelvic  fins  —  All  pelvic  fins  examined,  lh3  pairs,  showed 
a  count  of  I,  5>. 
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Caudal  fin  —  All  caudal  fins  examined,  Ili3,  showed  a  count  , 
Of  IS  branched  rays. 

Scales 

Lateral -line  scales  —  The  lateral-line  scales  have  been  dis- 
cussed in  detail  in  the  secti  on  on  Geographical  Variation.    A  range 
in  scale  number  of  53  to  68  was  found  for  all  the  material  examined 
(Table  l),  and  it  was  found  that  water  temperature  during  early  de- 
velopment is  probably  important  in  determining  the  exact  number  of 
scales,  within  -enetically  controlled  limitations. 

Scales  above  and  below  the  lateral  line  —  While  the  number 
of  scales  counted  above  the  lateral  line  to  the  dorsal  origin  was 
always  ten  (except  in  injured  specimens),  the  count  of  scales  below 
the  lateral  line  is  difficult  to  make  (especially  in  small  specimens) 
due  to  the  crowding  of  the  scales  near  the  origin  of  the  anal  fin. 
Most  authors  (see  for  example  Jordan  and  Evermann,  I8?8t  1358)  pive 
it  as  17,  though  in  large  specimens  (in  which  the  scales  become 
larger  and  more  distinct)  it  often  proves  to  be  19. 

Gill  Rakers 

The  counts  of  gill  rakers  are  given  in  Table  5.    A  wide  range 
of  combinations  of  uppers  and  lowers  was  found  to  exist  on  the  first 
arch,  though  the  combination  of  seven  uppers  and  thirteen  lowers  was 
by  far  the  most  common,  with  six  uppers  and  thirteen  lowers  fre- 
quently being  encountered.    The  other  combinations  were  much  rarer. 

BCD!  PROPORTIORSi 

Means  and  ranges  of  variation  for  a  number  of  body  proportions 
are  given  in  Table  6.    Hildebrand  and  Cable  (1938)  have  discussed 
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Table  5 


Variation  in  gill  raker  counts  on  the  first  gill 
arch  in  Lagodon  rhomboides. 


8      9      10      11       12      13      1U  15 


Upper  Limb        itf   107      6  2 

Lower  Limb  1        1        18    150       a  1 
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Table  6 

Selected  body  proportions  of  Lagodon  rhoraboides  Ik  to  328 
in  standard  length. 


Measurement  Mean         Rang*  Number 

Measured  into  standard  length 


Body  depth 
Pectoral  fin  length 
Head 

Least  depth  caudal  peduncle 
Tip  of  snout  to  origin  of 

dorsal  fin 
Insertion  of  dorsal  fin  to 

base  of  caudal  fin 
Origin  of  anal  fin  to  tip  of 

lower  jaw 
Insertion  of  anal  fin  to 

base  of  caudal  fin 
Insertion  of  pectoral  fin 

to  tip  of  snout 
Insertion  of  pectoral  fin  to 

base  of  caudal  fin 
Posterior  edge  of  bony  orbit 
to  posterior  edge 
of  opercle 
Length  of  dorsal  fin  base 
Length  of  anal  fin  base 
Length  of  pectoral  fin  base 
Origin  of  dorsal  fin  to  base 

of  caudal  fin 
Tip  of  snout  to  insertion 

of  dorsal  fin 
Origin  of  anal  fin  to  base 

of  caudal  fin 
Tip  of  snout  to  insertion 

of  anal  fin 
Ventral  fin  length 


Measured  in  head  length 


2.U 

1.7-3.5 

222 

3.0 

2.1-14.8 

115 

3.2 

2.6-3.7 

95 

y.x 

( •O-IU.O 

31 

m 

t.J-J.X 

on 

o.x 

C  1-A  ft 

31 

**5 

X.U-X. ( 

31 

6,0 

5.3-6.8 

31 

3.0 

2.5-3.5 

31 

1.5 

l.U-1.6 

31 

7.3 

5.6-8.3 

31 

1.8 

1.6-1.9 

U8 

U.O 

3.64».7 

50 

15.0 

12.1*-17.8 

26 

i.u 

1.3-1.5 

30 

1.2 

1.1-1.2 

31 

2.U 

2.3-2.6 

30 

1.2 

1.1-l.U 

31 

h.6 

3.ii-6.U 

30 

Snout  length  3.0         2.5-b.O  37 

Diameter  of  bony  orbit  3.6         2.8-5.2  97 

Width  of  bony  interorbital  3.8  2.9-5.2  37 
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in  detail  the  early  ontogenetic  changes  in  these  proportions  in  the 
post-larval  fish,  and  the  results  of  ray  study  of  larger  fish  seem 
to  corroborate  their  findings*    The  following  general  tendencies 
were  found  among  the  proportional  characters  most  thoroughly  investi- 
gated.   Although  it  was  shown  later  not  to  be  the  case,  these  charac- 
ters were  studied  in  detail  since  they  had  been  suggested  as  showing 
the  most  promise  for  demonstrating  significant  geographical  varia- 
tion between  local  populations. 

The  eye  becomes  proportionately  smaller  with  increase  in 
body  length)    the  snout  becomes  longerj    the  head  shorter)    and  the 
inter orbital  width  broader.    In  fish  under  60  mm.  there  was  a  tendency 
for  the  length  of  the  pectoral  fin  to  be  shorter  in  relation  to  body 
length.    In  fish  larger  than  60  mm.,  however,  the  proportional  length 
of  this  fin,  while  widely  varying,  tended  to  remain  relatively  con- 
stant on  a  mean  basis.    It  was  somewhat  surprising  to  find  that  the 
mean  and  ranges  of  variation  in  the  relationship  of  body  depth  to 
length  remained  constant  in  fishes  from  lii  to  328  mm.  long.  Pinfish 
in  nature  are  often  apparently  separable  into  two  groups,  consisting 
of  deep  versus  shallow  bodied  individuals.    However,  it  is  now  evi- 
dent that  the  extremes  of  the  two  types  are  noted  and  remembered  by 
the  observer  and  that  intermediates  usually  regularly  occur.  Since 
one  sometimes  finds  groups  ail  of  one  type,  some  ecological  factor 
at  some  stage  of  development  may  function  to  bring  about  this  con- 
dition, or  the  sexes  may  segregate.    Sexual  dimorphism,  as  yet  un- 
ci emonstrated,  has  been  suggested  as  being  relative  to  this  phenom- 
enon, but  small  samples  of  specimens  of  known  sex  have  not  yet  borne 
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this  out,  though  further  study  may  prove  that  it  is  actually  tfat 
case,  with  widely  overlapping  ranges  of  variation  in  this  charac- 
ter, hut  still  with  two  groups,  with  closely  approximated  means, 
representing  the  sexes, 

A  constant  straight-line  relationship  wan  found  to  exist 
between  standard,  fork,  and  total  length  in  specimens  measuring 
15  to  328  mm.  in  standard  length.    Since  measurements  of  infish 
are,  in  addition  to  the  more  widely  used  standard  length,  some- 
times given  as  total  or  fork  length,  the  following  conversion  fac- 
tors are  given  for  easy,  approximate,  conversion  of  one  length  to 
another.    To  convert  total  length  to  standard  length,  multiply  by 
•79j    fork  length  to  standard  length,  by  »86j    standard  length  to 
total  length,  by  1.26;  and  standard  length  to  fork  length,  by  1.16. 

COLOR I 

The  basic  life  colors  and  color  patterns  have  been  described 
by  Jordan  (1885 «  128),  Jordan  and  Evermann  (I898:  1358),  Smith  (1907: 
299),  and  Holbrook  (I86O1  59f.)  and  figured  in  color  by  Holbrook 
(o£.  cit.i  pi.  8,  fig.  1),  and  LaMonte  (1952 t  pi.  1*6)  and  the  pat- 
terns in  black  and  white  by  Jordan  and  Evermann  (1900«  fig.  552). 
The  colors  are  quite  consistent,  though  they  do  vary  considerably  in 
intensity.    Often  the  yellows,  oranges,  and  blues  of  the  body  and 
fins  are  quite  brilliant.    However,  at  other  times,  often  depending 
on  the  presently  occupied  habitat,  the  live  fish  are  quite  pale,  al- 
most completely  silver  (though  the  vertical  bars  usually  persist), 
or  are  quite  dark  in  overall  color  tone.    These  variations  of  tone 
usually  disappear  after  preservation,  so  that  the  basic  pattern  of 
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stripes  and  bars  alono  remain. 

A  few  individuals  (from  shallow  as  well  as  deep  water) 
were  found  to  be  quite  melanistic,  with  large  dark  areas  (espec- 
ially around  the  head  region)  persisting  after  preservation. 

The  development  of  the  basic  color  pattern  in  the  post- 
larvae  has  been  described  previously  by  Hildebrand  and  Cable  (1938). 
These  writers  have  further  shown  that  this  development  toward  the 
color  pattern  of  the  adult  does  not  take  place  until  the  young  fish 
reach  the  inshore  weedy  areas,  and  that  it  is  thus  not  necessarily 
a  function  of  size.    This  was  also  found  to  be  the  case  at  Cedar 
Key,  Florida.    Since  these  authors  do  not  give  the  colors  of  their 
young  fish,  but  only  patterns  of  melanophores,  the  following  color 
notes  which  I  made  from  a  group  of  16  to  17  mm.  live  fish  from  * 
grassy  flat  at  Cedar  Key  are  of  interest i    "Dorsal  and  anal  fin 
membranes  tipped  with  brick  red,  smeared  to  the  base  of  the  fin, 
particularly  so  on  the  spinous  portion  (and  especially  so  on  the 
spinous  dorsal).    Lemon  yellow  to  orangeish  chrcmatophares  over 
mo3t  of  the  body,  concentrated  where  the  black  melanophores  are 
lease  numerous.    Black  humeral  spot  developed.    Eye  irridescent, 
bluiife.    Under  magnification  the  yellow  chrcutatophores  seem  to  devel- 
op without  pattern  but  in  association  with  the  melanophores,  while 
the  red  chroma tophores  appear  as  definite  bars, " 

INCISOR  TEETH I 

While  the  incisor  teeth  of  adult  fish  have  been  discussed  and 
figured  to  some  degree  later  in  this  paper  (see  Fossil  Record)  and 
were  mentioned  in  the  discussion  of  Salema  atkinsoni  earlier,  a  de- 
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scriptions  of  the  change  in  their  form  in  young  fish  has  not  appeared 
previously.    As  shown  by  the  series  of  outline  drawings  (Figures  6 
to  13),  the  familiar  and  diagnostic  single-notched  incisor  tooth  of 
larger  Pinfish  is  the  result  of  a  series  of  modifications  from  a 
quite  different  post-larval  form. 

The  first  incisor  teeth  were  noted  in  specimens  16  mm.  long. 
There  were  only  two  in  each  jaw.   These  were  at  the  most  anterior 
point  there,  and  were  o f  the  form  shown  in  Figure  6.    Specimens  lh 
mm.  long  had  no  incisors,  but  were  well  equipped  with  a  series  of 
long,  sharply  pointed,  erect  conical  teeth  around  the  whole  of  each 
jaw.    The  developing  incisors  apparently  appear  on  the  outside  of 
this  row  of  conical  teeth  and  gradually  replace  them.    In  a  17  mm. 
specimen,  the  outer  horns  of  the  incisors  (Figure  7)  became  shorter 
in  proportion  to  the  rest  of  the  tooth  and  less  hooked,  while  the 
two  inner  peaks  became  blunter  and  mere  obvious.    By  20  mm.,  the  coni- 
cal teeth  were  all  lost  and  replaced  by  the  adult  number  (eight)  of 
incisor  teeth  in  each  jaw.    At  27  mm.,  the  outer  peaks  were  no  longer 
hooked,  though  still  proportionately  longer  than  the  inner  ones  (Fig- 
ure 8).    The  inner  peaks  of  the  incisors  of  a  35  mm.  specimen  (Figure 
9)  had  flattened  and  the  outer  peaks  continued  to  become  proportionate- 
ly shorter,  though  refining  pointed.    By  39  mm.,  these  side  peaks  too 
were  flattened  (Figure  10).    Incisor  teeth  of  a  U3  mn.  individual  had 
progressed  in  their  development  so  that  the  center  notch  was  now  much 
more  obvious  than  the  two  side  ones  (Figure  11).    By  U9  mm.  (Figure  12), 
the  side  notches  were  almost  obscured  and  the  final  notched  appearance, 
as  found  in  the  teeth  of  a  59  mm.  specimen  (Figure  13),  was  almost  com- 


Figures  6-13.    Ontogenetic  change  in  incisor-tooth  forms  of 
Lagodon  rhomboides  (L«).    Lengths  refer  to 
the  standard  length  of  the  fish. 
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plete.    The  exact  size  at  which  these  changes  occur  varies,  of  course, 
though  the  sizes  cited  seem  to  be  approximately  typical,  especially 
in  the  smaller  fish*   The  d  evelopmen  lal  sequence,  at  least  to  the 
stage  shown  in  Figure  13,  always  seems  to  occur  as  indicated.  Throu^i- 
out  the  development  of  the  tooth,  each  notch  has  a  dor so -ventral  groove 
extending  ba sally  from  its  apex.    On  the  teeth  of  very  large  fish,  this 
groove  becomes  more  obvious  as  the  areas  on  each  side  of  it  thicken  and 
swell  (Figure  17).    Also,  as  a  function  of  size,  the  incisors  become 
proportionately  thicker  in  their  anteroposterior  dimension.    The  pos- 
terior incisors  that  are  not  notched  (Figure  19)  are  assumed  to  go 
through,  and  then  beyond,  the  development  outlined  above,  since  all 
the  incisors  of  very  young  Pinfish  observed  showed  that  raulti -notched 
condition.   Furthermore,  in  some  incisor  teeth  seen  in  larger  Pinfish, 
the  side  notches  persist  to  some  slight  degree  and  thus  give  the  cut- 
ting edge  of  the  tooth  a  somewhat  serrate  or  rough  appearance  obvious- 
ly not  due  to  chipping. 

INTERNAL  ANATOMY I 

Since  Holbrook's  (18601  62)  description  of  the  internal  organs 
(other  than  gonads)  of  the  Pinfish  is  extremely  accurate,  as  well  as 
detailed,  there  seems  to  be  no  need  to  elaborate  on  his  remarks.  Due, 
however,  to  the  general  unavailability  of  that  publication,  his  descrip- 
tion is  quoted  verbatim  here: 

The  peritoneum  is  silvery,  but  with  numerous  small,  dusky 
spots,  that  give  the  whole  a  dark  colour;    the  liver  is  large 
and  tribolatej    the  left  lobe  is  irregularly  three-sided,  and 
extends  nearly  to  the  vent  j    the  middle  lobe  is  thick  above, 
and  joined  to  the  left,  without  a  distinct  fissure,  but  does 
not  extend  more  than  half  as  far  backj    the  right  lobe  is  thick, 
and  about  half  as  long  as  the  middle  lobe)    both  right  and  left 
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lobe3  project  into  the  hypochondria.    The  gall  bladder  ia  a 
long  tube,  reaching  nearly  to  the  vent,  and  is  very  slight ly 
enlarged  behind.    The  stomach  is  rather  small,  though  long, 
sub  cylindrical,  and  pointed  behind  in  the  undist ended  state} 
when  full,  it  fills  much  of  the  abdominal  cavity j  the  pyloric 
portion  begins  at  the  posterior  fourth,  and  is  small,  though 
rather  long}    there  are  four  large  coecal  appendages.  The 
small  intestine  runs  half  way  to  the  vent,  then  returns  to 
the  base  of  the  pylorus,  whence  it  is  reflected,  after  one 
or  two  short  convolutions,  to  end  in  the  rectum.    The  spleen 
is  very  small,  oblong,  and  flattened.    The  air-bladder  is 
large,  broad  before,  and  narrow  behind,  where  it  terminates 
in  two  horns.    There  is  no  urinary  bladder,  though  the  kid- 
ney is  tolerably  thick. 

It  is  interesting  to  note  that  he  does  not  mention  the  gonads. 
This  omission  agrees  closely  with  the  apparent  absence  of  these  struc- 
tures in  the  generally  completely  sexually  immature  Pinfiah  found  in- 
shore (see  later  section  on  Spawning).    Actually,  however,  the  paired 
gonads  lie  immediately  dorsal  to  the  intestine  in  the  body  cavity,  and 
lie  more  or  less  between  the  lobes  of  the  liver  (which  form  a  sort  of 
cradle  for  them  as  they  develop).    They  are  attached  anteriorly  with 
mesentaries  near  the  origin  of  the  liver  lobes.   When  first  showing 
signs  of  development,  their  body  begins  at  <i  point  about  the  level  of 
the  posterior  end  of  the  short  right  lobe  of  the  liver.    It  is  assumed, 
however  (though  no  fully  ripe  ones  were  seen),  that  full-ripe  gonads 
essentially  fill  most  of  the  available  space  in  the  body  cavity,  as  do 
those  of  most  fishes.     This  tendency  was  being  shown  in  the  few  near- 
-  ipe  examples  examined.     As  would  be  expected,  on  nearing  ripeness 
the  ovaries  become  yellowish  and  the  testes  chalky  white.    Goode  (l88bi 
39U)  notes  that  the  "spawn  is  pale  blue."    It  is  assumed,  however,  that 
individual,  fully  ripe,  eggs  were  being  described  thusly.    A.  probato- 
cephalus.  for  example,  a  closely  related  spar id,  has  eggs  which  are  clear 
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when  ripe  (Rathbun,  18°2*  lix),  and  these  might  well  appear  blue  In 
certain  lights  even  though  they  did  not  contain  blue  pigment.  The 
entire  fully  ripe  ovary  must  appear  yellow,  however,  as  it  does  in 
other  fishes. 

SKSLETOKi 

The  characters  of  the  Pinfish  skeleton  have  been  described 
in  detail  by  Sigenmann  and  Hughes  (1888). 


SPAWNING 
Place  of  Spawning 

Though  it  is  not  yet  known  for  certain,  all  evidence  gathered 
during  this  and  previous  studies  Indicates  that  Pinfish  spawn  in  the 
open  ocean,  and  often  quite  a  distance  offshore.    This  distance  is 
probably  determined  by  the  depth  of  the  water  or  its  temperature, 
which  in  turn  may  be  associated  with  the  depth*    This  is  postulated 
on  a  number  of  major  items  of  evidence.    First,  mature  adults  are 
rarely  seen  in  inshore  waters.    Second,  there  is  a  definite  offshore 
movement  of  large  Pinfish  with  the  onset  of  fall  and  winter.  Third, 
the  smallest  specimens  of  Pinfish  have  been  taken  well  offshore. 
Fourth,  no  larvae  are  reported  inshore. 

Conversations  with  numerous  long -experienced  commercial  and 
sport  fishermen,  and  with  biologists,  in  widespread  parts  of  the  Pin- 
fish's  range  have  resulted  in  the  almost  universal  reply  of  "I  don't 
remember  ever  having  seen  a  Pinfish  with  roe."   The  only  exception 
to  this  will  be  discussed  below.    Equally  common  is  the  statement 
that  the  larger  Pinfish  move  offshore  with  the  coming  of  fall  and  win- 
ter.   This  movement  begins  before  the  spawning  season,  and  the  fish 
do  not  return  to  inshore  waters  in  any  numbers  until  spring,  after  the 
spawning  season.   A  compilation  of  Pinfish  catch  records  (from  Spring- 
er and  Bullis,  1957)  of  the  X/V  OREGON,  United  States  Fish  and  Wildlife 
Service  exploratory  fishing  vessel  trawling  in  the  ^ulf  of  Mexico  at 
numerous  localities  and  depths  and  during  ell  seasons,  suggested  an  in- 
crease in  that  species  in  deeper  waters  in  the  winter  months.    This  re- 
lationship was  also  indicated  by  Hildebrand  &9$$i  211).  Springer 
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(1957*  170)  reported  several  schools,  estimated  to  number  one  thousand 
to  two  thousand  individuals,  of  Pinfish  at  the  surface  in  the  Gulf  of 
Mexico  on  September  17,  1952,  over  twenty-one  fathoms  of  water  at  Lat. 
29°  33'  N.,  Long.  87°  58*  W.    Of  these,  six  were  males  and  one  was  a 
female,  and  it  was  reported  that  the  female  and  one  of  the  males  was 
in  a  nearly  ripe  gonadal  condition.    Though  the  fish  were  at  the  sur- 
face, they  may  not  have  been  there  purely  voluntarily,  since  they  were 
apparently  being  fed  upon  by  groups  of  Spotted  Porpoise,  Stenella 
plagiodon  (Cope),  (Springer,  loc.  dLt.j  Siebenaler  and  Caldwell,  1956: 
127). 

Since  most  of  the  youngest  fish  have  been  taken  in  plankton 
tows  at  or  near  the  surface  (Hildebrand  and  Cable,  1938 i  525|  and 
a  specimen  collected  by  George  Grice,  three  miles  off  Alligator  Harbor, 
Florida,  see  below),  it  is  assumed  that  they  are  normally  pelagic. 
Though  Pinfish  eggs  in  the  natural  free  state  are  seemingly  unknown 
today,  it  is  ass  med  that  they  too  are  pelagic.    Rathbun  (1892j  lix) 
reported  floating  eggs  for  the  closely  related  A.  pro bato cephalus ,  and 
Kunz  and  Radcliffe  (1917 »  102)  report  them  for  another  sparid,  Steno- 
tomus  chrysops.    It  is  assumed  likely,  therefore,  that  the  spawning 
takes  place  somewhere  near  the  surface. 

There  seems  to  be  little  doubt  that  in  most  places  Pinfish 
spawn  well  offshore.    Hildebrand  and  Cable  (oj>.  cit.J  525)  suggest  a 
distance  greater  than  thirteen  miles,  off  North  Carolina.  Springer 
(loc.  cit. )  also  suggests  an  offshore  spawning  for  this  species,  based 
on  the  schools  of  near  ripe  fish  he  reports.    In  the  vicinity  of  Vero 
Beach,  Indian  River  County,  Florida  (lower  Atlantic  coast),  local  fisher- 
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men  are  quite  familiar  with  ripe  Pinfiah  in  winter  in  the  In  lan 
River  (actually  a  long  bay  protected  by  a  barrier  island).  Mature 
Pinfish  -were  also  reported  from  an  unnamed  locality  in  the  Indian 
River  by  Goode  (l88l»i  39U).    In  this  study,  large,  nearly  mature 
Pinfishwere  taken  at  Vero  Beach  in  late  Nove  bar,  during  the  ex- 
pected spawning  season.    Local  fishermen  reported  to  me  that  they 
have  taken  fully  ripe  specimens  there.    Since  the  waters  of  the  At- 
lantic off  the  east  coast  of  Florida  are  deep  quite  close  inshore, 
the  maturing  Pinfish,  found  in  the  deep  channels  and  associated 
holes  in  the  River,  my  be  strays  from  the  nearby  deep  waters  harbour- 
ing the  main  breeding  population.    The  gently  shelving  coasts  else- 
where may  place  the  optimum  minimal  depth  for  spawning  too  far  offshore 
for  the  members  of  the  spawning  population  to  occur  inshore  with  any 
regularity.    Gunter  (19U5«  6U)  suggests  that  in  Texas  waters,  Pinfish 
spawning  takes  place  near  the  passes,  though  in  the  open  Gulf.  Rela- 
tively deep  water  inshore  is  found  off  Texas  also.    The  areas  in  which 
far-off share  spawning  has  been  postulated  are  also  regions  with  gently 
shelving  bottoms,  where  really  deep  water  over  the  continental  shelf 
is  well  offshore.    I  ishore  areas  in  which  well-matured  Pinfish  have 
been  taken  are  likewise  closely  associated  with  fairly  deep  open  water, 
and  it  is  suspected  that  closer  examination  of  specimens  from  such 
areas  near  deep  water  would  produce  mare  individuals  with  well -matured, 
though  not  necessarily  ripe,  gonads.    Thus  the  place  of  Pinfish  spew- 
ing seems  to  be  more  closely  related  to  depth  than  to  distance  offshore. 
The  necessary  depth  is  apparently  far  enough  offshore  so  that  fully 
mature  fish  are  not  usually  taken  inshore,  and  so  that  the  fry  reach  a 


lave  pcst-larval  Itigi  ti  '.Bvelopnt  nt  -cfcre  appearing  ii.shorc. 
On  the  other  hand,  this  phenomenon  is  quite  possibly  one  of  tempera- 
ture, most  likely  associated  with  depth,  rather  than  one  of  depth 
alone.     The  maturing  Pinfish  at  Vero  Beach,  for  instance,  may  ap- 
pear inshore  because  the  water  is  warm  enough  (due  to  the  Gulf  stream) 
close  enough  inshore  for  a  spill-over  from  the  main  population  to  find 
sanctuary  in  the  deep  holes  and  channels  of  the  Indian  River,  while 
at  Cedar  Key,  on  the  other  hand,  there  are  no  immediate  warm  current 
effects  which  might  encourage  such  winter  inshore  habitation.  The 
fish  probably  seek  the  more  constant  (and  in  winter,  somewhat  warmer) 
temperatures  found  in  deep  water  as  compared  to  the  almost  daily  fluc- 
tuating, air-temperature-controlled,  ones  found  in  shallow  inshore 
waters.    Other  factors,  such  as  pressure  and  light,  may  of  course  be 
operating,  either  wholly  or  associated  with  temperature,  particularly 
if  the  adults  spawn  near  the  bottom  in  deep  water. 

Assuming  Pinfish  do  spawn  in  or  over  a  given  depth  offshore, 
the  larvae  would  thus  be  hatched  at  varying  distances  offshore,  de- 
pending on  various  local  topographic  conditions.    The  smallest  sizes 
of  young  appearing  in  sheltered  inshore  waters  might  thus  be  expected 
to  vary,  with  smaller  ones  appearing  in  areas  where  the  deeper  water 
is  nearer  the  coast  (such  as  the  lower  Florida  east  coast)  than  in 
regions  where  the  deep  water  is  further  offshore  (such  as  the  Cedar  Key 
region).    This  is  not  the  case.    The  smallest  non-plankton-caught  fish 
taken  inshore  are  almost  invariably  the  same  size  everywhere  (11  to 
12  mm.).    Post-larvae  this  size  are  even  found  well  upstream  from  the 
mouth  in  saline  rivers  (McLane,  1955,  317,  and  specimens  taken  during 
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this  study  several  miles  up  the  North  Fork  of  the  St.  Lucie  River, 
near  Stuart,  Florida).   A  possible  explanation  for  this  phenomenon 
might  be  as  follows.    The  smallest  larvae  probably  lack  any  self* 
directing  powers,  and  though  at  the  mercy  of  currents,  may  not  be 
swept  shoreward  at  a  rate  fast  enough  for  them  to  appear  inshore  in 
differential  sizes  in  different  regions.    Therefore,  assuming  the 
larvae  and  post-larvae  remain  offshore  until  they  reach  a  size  at 
which  they  do  possess  self -directing  powers,  they  may  then  be  able 
to  complete  their  Inshore  movement  in  such  a  short  time  that  not 
enough  growth  occurs  to  show  an  interarea  differential,  even  thougi 
the  distances  involved  may  be  quite  variable.    On  the  other  hand, 
the  growth  rate  at  this  developmental  stage  may  be  slow  enough  that 
even  a  considerable  time  differential  for  the  trips  might  be  inef- 
fective in  causing  a  difference  in  the  smallest  sizes  found  in  dif- 
ferent areas.    Such  a  slow  growth  by  Pinfiah  in  the  first  months  of 
life  has  been  shown  by  Hildebrand  and  Cable  (op.  cit.t  526). 

Time  of  Spawning 
The  post-larvae  (11  mm.)  first  appeared  inshore  at  Cedar  Key 
in  very  early  December  (1953),  and  specimens  this  small  continued  to 
be  taken  there  until  late  April  of  195l».    This  would  seem  to  indicate 
that  spawning  is  initiated  in  the  late  fall  and  early  winter  in  the 
Cedar  Key  region,  and  the  prolonged  appearance  of  the  smallest  post- 
larvae  seen  there  (Figure  Ik)   would  indicate  a  long  spawning  season, 
probably  from  raid-October  to  inarch,  with  a  December  and  January  peak. 
Hildebrand  and  Cable  (1938)  found  a  similar  situation  in  North  Carolina. 
Reid  (195UI  hh)  in  1950-51,  and  Kilby  (l955i  223)  in  19U8,  found  the 


Figure  lli.    Standard  length-frequency  data  for  Lapodon  rhom- 
boides  (L.)  at  Cedar  Key,  Florida,  during  1953  and 
195U.    Numbers  of  specimens  are  shown  in  parenthe- 
ses.   Due  to  collecting  errors,  only  approximate 
seasonal  abundance  should  be  estimated  from  these 
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same  sized  fish  at  the  same  time  of  year  at  Cedar  Key,  and  Kilby 
(loc.  cit.)  reported  them  for  Bayport,  Hernando  County,  Florida. 
Post-larval  specimens  collected  during  this  study  in  January  and 
February  (195M  at  various  other  localities  in  Florida  (St.  Harks, 
upper  northeastern  Gulf  coast,  Wakulla  Countyj    Estero  Island,  near 
Ft,  Myers,  Lee  Countyj  and  Matanzas  Inlet,  in  Flagler  County  near 
St.  Augustine,  were  all  of  the  same  size  range  as  those  collected 
during  those  months  that  year  at  Cedar  Key.    A  large  sample  of  12 
to  Hi  mm.  specimens  (USNM  Il89lii)  was  taken  in  St.  George  Sound  at 
Carabelle,  Florida  (Franklin  County)  on  January  15,  1913.  Specimens 
taken  by  E.  Deubler,  J.  Highara,  and  J,  Huntley  at  Beaufort,  North 
Carolina  from  late  December  through  early  February  are  of  this  size 
also.   Though  too  late  in  the  year  for  post-larvae  to  be  found,  small 
specimens  were  collected  during  this  study  at  numerous  other  Florida 
localities,  and  in  Texas,  Mississippi,  and  Georgia,  and  were  seen  in 
collections  f rem  moot  of  the  other  states  within  the  range  of  the  Pin- 
fish.    All  of  these  compared  favorably,  in  their  respective  months  of 
capture,  with  those  from  Cedar  Key,  and  it  was  thus  assumed  that  they 
had  been  spawned  at  a  similar  time  as  those  at  Cedar  Key.  Slight 
variations  to  this  association  might  well  be  correlated  with  differences 
in  growth  rate  brought  about  by  differentials  in  food,  habitat,  etc. 
Various  writers  other  than  the  above  have  postulated  a  winter  spawning 
season  for  the  Pinfish.    Some  of  these  are:    Smith  (1907 i  300),  South 
Carolina;    Goode  (188U»  39l),  Gulf  coast)    Gunter  (19U5»  6i»),  Texas; 
and  Hildebrand  and  Schroeder  (1928 1  266),  North  Carolina.    It  is  inter- 
esting to  note  that  Joseph  and  Yerger  (I956i  135)  suggest  a  much  later 
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spawning  season  during  1952  at  Alligator  Harbor  (near  St.  Marks, 
Florida).    They  report  young  fish  as  small  as  17  mm.  from  late  May 
to  July.   Those  caught  in  May  could  well  have  been  spawned  late  in 
the  expected  winter  spawning  season  (such  as  17  ran.  fish  appeared  at 
Cedar  Key  in  1953  until  Hay,  Figure  Hj)»    The  reported  presence  of 
fish  this  small  as  late  as  July  is  surprising.    In  view  of  the  data 
resented  above,  and  particularly  the  material  collected  near  St. 
Marks  and  Carabelle,  and  the  fact  that  the  smallest  Pinfish  I  have 
seen  from  the  Gulf  (9.5  ma.)  was  taken  off  Alligator  Harbor  in  Decem- 
ber, 195U  (by  Mr.  George  Grice),  the  suggestion  of  a  later  spawning 
season  for  Alligator  Harbor  alone  must  be  questioned. 

Further  evidence  for  a  late  fall  and  winter  spawning  of  the 
Pinfish  can  be  based  on  the  few  adults  with  ripening  gonads  which  I 
found  during  this  study  or  which  are  reported  in  the  literature. 
The  first  Pinfish  I  took  at  Cedar  Key  which  showed  any  gonadal  de- 
velopment was  a  female  taken  on  August  2,  1953.    The  gonads  were  very 
small,  about  Stage  2  (as  described  by  Vladykov,  1956i  821).  Another 
female,  taken  there  on  October  3,  had  gonads  somewhat  more  developed 
(about  early  Stage  3).    No  other  fish  with  developing  gonads  were 
seen  there  during  this  study,  though  Reid  (loc.  cit.)  reported  seeing 
a  male  there  whose  gonads  showed  some  development  in  September.  Speci- 
mens with  well  developed,  but  not  mature,  gonads  (at  least  late  Stage 
3,  possibly  early  Stage  h)  were  collected  in  late  November  and  early 
December  at  Vero  Beach,  Florida,  and  local  fishermen  stated  that  they 
often  caught  them  there  with  full  roe  at  about  that  season,  though  no 
running  ripe  (Stage  5)  ones  were  mentioned.    A  series  of  large  sped- 


81 


mens  (approximately  IhS  mm.  long),  taken  at  Port  Canaveral  (Brevard 
County,  Florida,  middle  Atlantic  coast)  in  April,  195U,  shoved  gonads 
which  seemed  in  the  fresh  state  to  be  spent  (Stage  6),  being  somewhat 
flaccid,  rather  than  showing  the  developing  condition  of  the  ones 
taken  in  the  fall*     In  addition  to  these  specimens,  workers  at 
Marine  Studios  (near  St.  Augustine)  tell  me  that  they  believe  they 
have  seen  Pinfish  with  developing  gonads  in  that  region  in  late  sum- 
mer.   The  few  other  mature  or  maturing  specimens  reported  in  the  lit- 
erature also  corroborate  a  fall  and  winter  spawning  season  for  the 
Pinfish.    Smith  (loc.  dt.),  in  South  Carolina,  reported  a  PinfiA 
with  ovarian  eggs  on  August  6,  and  a  fully  ripe  male  on  November  20. 
The  general  disappearance  of  large  Pin  1  ah  from  inshore  waters  in 
the  fall  and  winter,  noted  above,  also  corroborates  a  spawning  dur- 
ing this  season. 

Egg  Production  and  Egg  Size 
Only  one  female  was  taken  which  had  ovarian  eggs  far  enough 
developed  (about  Stage  3  or  It)  to  make  even  an  approximate  estimate 
of  the  number  of  eggs  produced  by  a  single  individual.    This  firti  was 
157  mm.  long  and  was  taken  at  Wo  Beach  in  late  November.    Using  the 
volumetric  method  for  determining  the  approximate  number  of  eggs  in 
an  ovary  (as  described  by  Lagler,  195 2 i  79),  an  estimate  of  90,000 
eggs  was  made  for  the  combined  ovaries  of  this  specimen.  Vladykov 
(1956)  has  shown  that  the  number  of  eggs  per  fish  can  vary  positively 
with  increase  in  fish  length  and  negatively  with  increase  in  degree 
of  development  of  the  gonad,  in  trout.    Su-h  a  condition  may  well 
exist  in  other  fishes,  and  the  estimate  of  90,000  eg^s  for  the  Pinfish 
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should  be  taken  only  as  an  order  of  magnitude  number  for  that  species. 

The  largest  eggs  in  the  specimen  noted  above  averaged  about 
one-half  millimeter  in  diameter,    Goode  (1881* *  39h)  notes  that  the 
eggs  of  Pinfish  are  about  the  size  of  mustard  seed  ^approximately 
1.0  -  1.5  am.  in  diameter^. 

Size  and  Age  at  Spawning 

Hildebrand  and  Cable  (op.  cit.i  $26)  have  suggested  that  Pin- 
fish  first  spawn  in  their  second  year,  though  they  reported  no  speci- 
mens with  developing  gonads  on  which  to  base  this  suggestion.  The 
smallest  Pinfish  taken  with  developing  gonads  at  Cedar  Key  was  the 
female  lh6  mm.  in  length,  taken  in  October.    Oned  as  small  as  128 
mm.  and  as  large  as  157  mm.  were  taken  at  Vero  Beach  in  November. 
Interpolating  from  the  Jjne,  1953 1  length-frequency  diagrams  from 
Cedar  Key  (Figure  lh),  the  only  month  in  which  a  good  series  of  large 
fish  (with  smaller  ones  to  compare  as  other  age  -roups)  was  obtained, 
these  fish  were  probably  in  their  third  year,  though  the  157  mm. 
specimen  from  Vero  Beach  coul   have  been  older.    The  smaller  fish 
showed  a  ronadal  development  of  about  Stage  2,  the  157  mm.  one  a 
development  of  late  Stage  3  or  early  Stage  iu    Vladykov  (1956)  has 
suggested  that  once  a  development  to  Stage  2  is  reached  during  the 
spawning  season,  the  fish  will  spawn  that  season  (though  one  showing 
a  development  of  State  0  or       ge  1  may  not).    Since  maturing  speci- 
mens small  enough  to  be  in  only  their  second  year  have  not  been  taken 
(in  fact  gonads  in  fish  this  size  are  to  all  intents  indistinguishable), 
it  seems  almost  certain  that  Pinfish  do  not  spawn  before  at  least  their 
third  year,  but  that  they  can  at  that  age.    Unfortunately,  scale  studies 
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have  not  yet  been  done  to  attempt  to  corroborate  this  estimate 
of  spanning  age. 


ECOLOGY 

PHYSICAL  FACTORS  OF  THE  ENVIRONMENT  I 

The  Pinfish  is  amazingly  ubiquitous  in  its  ecological  dis- 
tribution.   It  is  found  associated  with  wide  ranges  of  temper ature, 
salinity,  depth,  bottom  type,  current,  and  other  ecological  condi- 
tions, and  this  tolerance  of  the  species  to  wide  ranges  of  physical 
factors  permits  it  to  exist  in  many  types  of  habitats. 

Salinity 

Pinfish  ha-se  been  recorded  from  waters  with  salinities  rang- 
ing from  approximately  0.1  to  37.2  ppt.    McLane  (1955*  317)  recorded 
this  species  from  salinities  as  low  as  116  ppm.  £©.116  ppt^7  in  the 
St,  Johns  River  in  Florida.    Another  low-salinity  locality  in  Florida 
was  the  Romosassa  River  (Citrus  County).    I  collected  a  single  speci- 
men of  L.  rhomboides,  UF  7822,  136  mm.  long,  in  a  cove  Just  below  the 
"Fish  Bowl"  (one  of  the  main  spring  boils  providing  the  head  waters 
of  the  river)  on  March  6,  1953.    The  salinity  of  the  water  in  the 
cove,  0.8  ppt.,  was  determined  by  Dr.  H.  T.  Odum  by  first  obtaining 
the  chlorinity  by  titration  and  converting  that  result  to  approximate 
salinity.    This  method  was  used  in  this  case  since  the  hydrometers  I 
used  would  not  register  such  a  low  value  with  good  accuracy.  Other 
Pinfish  were  taken  at  this  cove  on  other  trips,  but  no  water  samples 
were  taken  with  them  (although  the  water  was  "fresh"  to  the  taste). 
Herald  and  Strickland  (1950:  106)  recorded  one  specimen  of  L.  rhom- 
boides from  the  "Fish  Bowl,"  and  Mr.  William  Sloan  of  the  University 
of  Florida  told  me  that  on  April  fkg  1953,  he  had  seen  a  large  group 
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of  Pinflsh  (each  estimated  to  be  about  75  mm.  long)  in  the  "Fish 
Bowl."   Gunter  (l9U2at  315)  also  lists  this  species  from  this  spring 
and  from  Six-*lile  Creek  near  Tampa,  Florida  (on  the  notes  of  Dr. 
Archie  Carr).    The  highest  salinity  at  which  I  found  L.  rhomboides 
was  that  recorded  in  a  small  tide  pool  on  Sanibel  Island,  Lee  County, 
Florida,  where  on  February  3*  195U»  1  collected  several  post-larvae 
from  water  which  registered  a  salinity  of  37.0  ppt.    Gunter  (1SL5* 
63)  took  Pinfish  in  Texas  in  salinities  ranging  from  2.1  to  37.2  ppt. 
Kilby  (19551  2U2-I43)  reported  this  species  at  salinities  from  U.5 
(though  he  tells  me  this  should  read  15.U  in  his  table  6  on  page 
21*2)  to  26.1  at  Cedar  Key,  and  between  l.U  and  15.8  at  Bayport.  I 
found  Pinfish  at  Cedar  Key  in  salinities  ranging  from  18,h  to  31.8 
ppt.  durlnp  this  study.    Cn  the  basis  of  these  data,  and  as  previously 
suggested  by  various  writers,  L.  rhomboides  is  obviously  quite  indif- 
ferent to  this  environmental  factor,  and  at  whatever  salinity  it  is 
found,  it  is  usually  taken  frequently  and/or  in  good  numbers.  Further- 
more, neither  the  above  writers,  nor  the  results  of  this  study  have 
shown  any  relationship  between  salinity  and  the  distribution  of  dif- 
ferent sized  fish.    The  only  exception  is  found  in  the  cases  of  the 
larvae  and  smallest  post-larvae,  which,  since  they  are  known  only 
well  offshore,  have  been  found  only  in  the  relatively  high  salinities 
(approximately  3h  ppt.)  found  in  the  open  sea.    Whether  this  relation- 
ship is  real,  or  just  apparent,  due  to  other  factors  causing  their 
presence  there,  is  unknown. 

Re&d  (195U*  85)  found  that  Pinfish  were  amonp  the  most  con- 
spicuous of  fishes  killed  at  Cedar  Key  as  a  result  of  a  hurricane  on 
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September  h  -  6,  1950.    He  noted  that  the  salinity  of  the  bay  water 
dropped  from  23.5  to  9.7  ppt.  during  a  period  of  four  days.  Though 
Pinfiah  have  just  been  shorn  to  exist  successfully  in  much  lower 
salinities,  this  sudden  drop  may  have  contributed  to  their  deahh. 
Greatly  increased  turbidity  in  the  bay  waters  may  also  have  been  a 
factor  contributing  to  this  mortality. 

Temperature 

Although  Pinfiah  have  been  taken  in  waters  with  a  wide  range 
of  surface  temperatures,  this  environmental  character  seems  to  have 
some  importance  as  a  limiting  factor  to  Pinfiah.    Its  effect  on  lim- 
iting northern  distribution  has  already  been  discussed  in  the  section 
on  Geographical  Distribution,  and  it  has  been  shown  in  the  section 
dealing  with  Spawning  that  the  time  and  place  of  spawning  may  be 
related  to  temperature  and  thus  to  the  distribution  of  the  larger 
fish.    In  inshore  waters  at  Cedar  Key,  I  took  Pinfish  in  waters  with 
surface  temperatures  ranging  between  18,9  and  36,9°C.,  the  greatest 

range  which  I  found  anywhere.    In  Texas,  hunter  (19^5*  63)  found  Pin- 

o 

fish  in  inshore  water  in  which  temperatures  varied  from  9.1  to  3U.9  C. 
Offshore  temperature  records  at  tt/V  OREGON  stations  at  which  Pinfiah 
were  found  (Springer  and  Bullis,  1957)  show  that  this  species  is  re- 
corded more  often  there  during  the  colder  months,  when  temperatures 
offshore  are  somewhat  warmer  and  mare  constant  than  those  found  in- 
shore.   Actually,  since  Pinfish  have  been  taken  in  wide  extremes  of 
temperature,  their  general  movement  offshore  in  winter  is  quite  pos- 
sibly a  function  of  the  constancy  of  temperature  there,  rather  than 
the  actual  degree  of  temperature  itself.    L.  rhomboides  has  been  fre- 
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quently  described  as  being  able  to  withstand  cold  very  well,  and  bet- 
ter than  many  species  living  in  the  same  area  with  it  (Hilde brand 
and  Cable,  1938*  5l8j    Storey,  1937*  21j    Storey  and  Gudger,  1936*  6hl), 
though  Pinfish  have  been  reported  killed  by  low  temperatures  in  North 
Carolina,  Texas,  and  Florida  (Hilde brand  and  Cable,  loc.  cit.:  Gunter, 
19hlaj  198,  19hlb*  2034**,    Gunter  and  Hildebrand,  1951*  732;  Storey 
and  Gudger,  p£.  cit*  6U7).   Gunter  (l9hlb*  2QU)  notes  that  there  were 
large  numbers  of  cold-killed  Pinfish  at  Aransas  Pass,  Texas,  on  Janu- 
ary 21,  19U0,  and  that  a  few  more  were  still  swimming  at  ti*:  surface 
in  a  dazed  condition  in  water  whose  temperature  was  U.7°C  Whether 
this  temperature  is  thus  near  the  critical  point  for  the  survival  of 
the  species  in  Texas  (and  thus  probably  so  elsewhere),  is  not  known. 
The  above  authors,  particularly  Storey  and  Gudger  (p£.  cit,*  61t5)» 
Gunter  (l9hlb*  208),  and  Hildebrand  and  Cable  (loc,  cit, ),  note  that 
they  believe  the  deaths  due  to  cold  are  more  the  result  of  very  sudden 
drops  in  temperature  or  are  due  to  the  entrapment  of  the  fish  in  shal- 
low pools  where  they  cannot  escape  to  deeper  water,  rather  than  the 
lowness  of  the  temperature  alone, 

Gunter  (1950*  302),  in  correlating  maximum  size  of  shore  fishes 
with  water  temperature,  found  that  Pinfish  in  Texas  grew  larger  than 
those  in  Chesapeake  Bay  and  noted  that  this  was  in  opposition  to  the 
situation  found  in  most  of  the  other  shore  fishes  so  compared.  How- 
ever, in  view  of  the  size  of  the  largest  Pinfish  now  known,  f  rom 
New  York  (Alperin,  195fi*  35)  and  off  New  Jersey  (Fowler,  19U0),  this 
tendency  for  a  positive  correlation  between  colder  water  and  larger 
size  actually  appears  to  exist  in  Pinfish,  though  very  large  specimens 
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are  known  from  very  warm  latitudes  (see  discussion  of  Saleaa  atkln- 
soni  in  section  on  Systematica). 

Depth 

Pinfish  have  been  taken  in  widely  varying  depths,  ranging 
from  a  few  inches  of  water  inshore  to  adults  taken  in  forty  fathoms 
offshore,  and  almost  all  intermediate  depths  are  represented  by 
records.    In  general,  though  there  are  individual  exceptions,  there 
urn  nan  to  be  a  positive  relationship  between  the  size  of  the  fish  and 
the  depth  of  its  occurrence,  with  the  larger  fish  being  taken  in  deep- 
er water.   The  major  exception  is  that  the  youngest  post-larvae  have 
been  taken  well  offshore.    However,  they  seem  to  occur  in  the  upper 
layers  rather  than  near  the  bottom,  and  so  are  still  found  in  "shal- 
low" water  as  related  to  the  surface.    The  general  relationship  of 
depth  to  size  is  shown  throughout  the  early  life  of  the  Pinfish  from 
the  time  it  reaches  inshore  waters  (see  detailed  discussion  of  the 
ecological  development  of  the  0-year  class,  below),  and  it  apparently 
continues  through  life,  since  the  largest  specimens  have  been  taken 
in  or  near  offshore  deep  water,  and  similar  sized  ones  are  rarely 
taken  in  inshore  shallow  waters.   When  large  specimens  are  taken  in- 
shore, they  seem  to  occur  in  deep  channels  and  holes.    Such  a  distri- 
bution of  size  groups  was  remarked  upon  by  Goode  (I88L.1  39U). 

Bottom  Material 

The  results  of  collections  made  during  this  and  other  studies 
indicate  that  Pinfish  occurrence  cannot  be  related  to  any  particular  type 
of  bottom  material.    This  was  found  to  be  true  in  inshore  waters,  and  the 
station  records  of  the  M/V  OREGON  (Springer  and  Bullis,  1957)  indicate 
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that  it  is  also  true  offshore.    Pinfish  have  been  taken  in  numerous 
depths  on  mud,  coral,  sand,  and  rock  bottoms,  and  on  bottoms  combin- 
ing these  materials. 

Currents  and  Wave  Action 
Few  really  fast  currents  (such  as  freshwater  stream-rapids) 
occur  in  marine  habitats,  except  locally  as  tidal  rips  between  islands 
and  through  channels.    Thus  current  is  not  usually  considered  an  im- 
portant factor  for  consideration  in  marine  ecological  studies  (except 
the  main  ocean  currents  and  drifts  and  their  related  eddies,  which 
fall  into  a  different  category  than  the  very  local  rips  considered 
here).    In  such  really  fast-flowing  local  tide  channels,  only  large 
Pinfish  were  found  in  good  numbers  (though  they  are  not  limited  to 
the  channels).   The  absence  of  smaller  fish  may  be  more  a  function 
of  the  depth  of  the  channel  or  of  the  inability  of  the  fishes  to 
maintain  their  position,  than  to  a  sensitivity  to  the  current  itself* 
Since  the  larger  fish  occur  in  deep  holes,  with  no  current,  as  well  as 
in  the  fast-flowing  channels,  their  presence  in  the  channels  too  My 
be  due  simply  to  depth,    ather  than  a  preference  for  current.  Reid 
(I95>6t  313)  has  shewn  something  of  a  negative  relationship  between 
Pinfish  occurrence  and  tidal  current  in  Texas,  but  notes  that  this 
relationship  may  be  apparent,  rather  than  real,  and  related  to  other 
factors  as  well. 

hile  Pinfish  are  not  generally  taken  in  the  strong  surf  on 
the  open  sea  beach  (Gunter,  1915*  63,  for  instance  did  not  take  them 
on  the  open  Gulf  beach  in  Txas),  post-larvae  do  sometimes  appear  on 
the  open  beaches,  apparently  arriving  there  during  their  initial  in- 
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shore  movement.   Adults,  also,  are  sometimes  seen  in  the  surf  zone 
when  there  is  a  log  or  other  semi-shelter  for  them.    In  general,  how- 
ever, a  more  sheltered  (either  by  depth  or  actual  material  shelter 
in  the  form  of  grass,  rocks,  pilings,  etc.,  or  the  protected  side  of 
a  land  mass)  habitat  is  sought  than  that  afforded  by  the  roil  of  an 
open  beach  surf  zone* 

Miscellaneous  Abnormal  Environmental  Factors 

The  efiects  on  Pinfish  of  several  factors  not  usually  associat- 
ed with  a  normal  environment,  and  apparently  not  directly  applicable 
to  the  discussions  above,  have  been  reported  by  various  writers. 

Ingle  (l<#2)  found  Pinfish  in  the  vicinity  of  an  active  dredge 
in  Mobile  Bay,  Alabama,  and  concluded  that  the  action  of  the  dredge 
and  the  concurrent  silting  did  not  affect  this,  and  other  named  species, 
at  least  not  to  a  great  enough  extent  to  exclude  them  completely  from 
the  area  of  operation.    It  was  not  stated,  if  known,  whether  the  pre- 
dr edge -action  population  was  harmed  or  benefitted  by  the  action  of  the 
dredge. 

Daugherty  (I9j>lb)  found  experimentally  that  though  Pinfish 
were  killed  by  polluting  chemicals  associated  with  oil  well  drilling, 
often  large  concealr  ......       of  these  chemicals  were  needed  to  be 

toxic  to  this  species.    He  thus  suggested  (Daugherty,  195 la)  that 
since  Pinfish  were  so  tolerant,  so  widespread  geographically,  and  so 
common  locally,  that  they  might  be  used  as  a  standard  fish  for  testing 
in  us trial  waste  effluents. 

Though  L.  rhomboides  is  seemingly  very  hardy  in  relation  to 
most  physical  environmental  factors  (both  natural  and  man-caused), 
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it  is  nevertheless  apparently  quite  susceptible  to  the  catastrophic 
effects  coincidental  to  large  phytoplankton  blooms  (known  popularly 
today  as  the  "Red  Tide").    Gunter,  et.  al.  (l°U8i  313)  note  that 
large  numbers  of  Pinfish  were  found  dead  on  the  beaches  at  Captiva 
Island  (Lee  County,  Florida)  after  a  winter  hloom  of  19U6-h7* 
These  writers  further  report  that  Pinfish  were  said  to  have  been 
among  the  first  species  of  fish  to  wash  up,  in  many  localities* 
Similar  verbal  reports  were  given  me  by  on-the-spot  observers  at 
later  Red  Tide  kills*    However,  in  relation  to  percentage  of  the 
population,  L.  rhoraboides  may  not  be  as  strongly  affected  by  the 
blooms  as  it  first  appears.    The  large  number  of  Pinfish  killed 
by  Red  Tides  may  not  be  due  to  an  actual  peculiar  toxic  effect  of 
the  blooms  on  then,  but  rather  to  the  overwhelmingLy  large  numbers 
of  this  species  found  in  Florida  Gulf -coast  water  where  Red  Tides 
are  so  frequently  reported* 

General  Habitat  Preference 
Though  all  of  the  factors  cited  above  are  of  course  operat- 
ing to  develop  the  e  oology  of  the  Pinfish,  they  are  also  so  widely 
varying  that  they  must  in  general  be  considered  as  influencing 
rather  tiian  limiting,  within  a  given  local  area.    Apparently  the 
greatest  single  character  of  the  environment  which  influences  the 
local  choice  of  Pinfish  habitat  is  the  presence  or  absence  of  root- 
ed aquatic  vegetation,  at  least  in  waters  shallow  enough  to  support 
such  growth*    Collections  made  during  this  study  in  many  localities 
throughout  Florida,  and  in  waters  of  other  southeastern  states,  have 
shown  that  where  both  vegetated  and  unvegetated  situations  occur, 
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Pinfish  occur  more  abundantly  in  the  vegetated  areas.    Even  the  post- 
larvae  caught  at  the  open  beach  station  at  Cedar  Key  (see  description 
of  this  station  below)  were  taken  in  association  with  patches  of 
floating  weed  or  floating  decaying  vegetable  debris  (when  it  was  avail- 
able to  them)  and  not  in  the  clear  water  between  these  patches.  A 
•ijdlar  relationship  between  Pinfish  occurrence  and  vegetation  has 
been  shown  by  Reid  (I95h»  hk,  1955ai  336,  1955b»  10i2),  Kilby  (195*1 
222-3),  and  Hildebrand  and  Cable  (1938s  525)  in  marine  situations, 
and  by  McLane  (1955*  317)  in  fresh  water.    Though  the  vegetation  un- 
doubtedly affords  good  protection,  the  frequent  association  of  Pin- 
fish with  it  nay,  as  well,  be  a  function  of  food,  since  the  vegetation 
supports  abundant  small  invertebrate  forms  which  seem  to  constitute  the 
bulk  of  the  food  of  this  species. 

In  situations  where  vegetated  bottom  is  not  accessible,  and 
as  a  secondary  center  of  local  abundance  when  it  is  present,  Pinfish 
seem  to  remain  around  rocks,  pilings,  docks,  breakwaters,  emerged 
stalks  of  vegetation  such  as  mangroves,  and  the  like.    Perhaps  this 
is  because  they  too  afford  cover  and  usually  support  invertebrate 
growths.    Such  occurrence  about  cover  not  consisting  of  submerged 
aquatic  plants  was  found  in  many  geographical  regions  visited  through- 
out the  range  of  the  Pinfish  during  this  study  and  it  has  been  report- 
ed earlier  by  Jordan  and  Gilbert  (1879*  378),  LaKonte  (1952:  116), 
Schroeder  (1921*  26),  Longley  and  Hildebrand  (19U1:  133),  and  Hilde- 
brand and  Cable  (loc.  cit.). 

Well  offshore,  where  there  is  apparently  no  rooted  vegetation 
of  consequence,  little  is  known  of  the  habitat  preference  of  Pinfish. 


93 


Since  they  are  frequently  taken  in  bottom-trawl  hauls,  it  is  assumed 
that  they  live  primarily  at  or  near  the  bottom,  as  they  do  inshore. 
They  are  also  occasionally  reported  taken  by  bottom  fishermen  hook- 
and -lining  in  deep  water  offshore  (Adams  and  Kendall,  1891 »  292), 
though  in  conversations  with  numerous  fishermen  I  found  that  Pinfish 
are  only  rarely  taken  in  this  manner  offshore.    However,  this  may 
be  due  to  the  fact  that  usually  only  large  hooks  and  baits  are  used 
(in  fishing  for  large-mouthed  snappers,  groupers,  and  grunts)  and 
the  relatively  small-mouthed  Pinfiah  may  simply  not  take  the  hook, 
though  they  are  actually  present,  and  the  great  fishing  depth  in- 
volved may  allow  their  typical  nibbles  at  the  bait  to  go  unnoticed, 
Doepwater  hook-and-line  fishing  is  usually  only  carried  on  around 
rock  patches  and  snapper  lumps  (often  only  mud  peaks  rising  above 
a  generally  deeper  bottom)*    Thus  really  large  Pinfish  away  from 
these  situations  mifht  never  be  fished  for,  and  being  active  and 
also  able  to  bury  in  times  of  duress,  they  may  be  able  to  escape 
slow-moving  trawls  draf ■■ginj/  over  a  smooth  bottom.    Thus,  although 
large  Pinfiah,  by  inshore  standards  (175-200  mm.  in  length)  are 
taken  by  trawlers,  the  really  giant  ones  (over  200  mm.),  known  to 
exist  in  the  Gulf  from  scattered  specimens  (with  no  precise  locality 
data)  in  collections,  are  not  yet  taken  regularly  by  any  means. 
Furthermore,  it  is  possible  that  the  very  large  Pinfish  living  off- 
shore undergo  a  complete  change  in  habits  and  become  pelagic.  If 
such  is  the  case,  they  would  rarely,  if  ever,  be  taken  (except  per- 
haps by  a  trawl  being  drawn  to  the  surface)  since  there  is  no  far- 
offshore  mid-water  fishery  for  small-mouthed  fishes.    Thus,  unless  the 
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really  large  Pinfish  presumed  to  be  offshore  are  living  at  add 
depths,  it  seems  likely  that  they  occur  near  the  bottom  in  areas 
where  the  topography  is  extremely  rough  (too  rough  for  normal 
trawling  operations)  and/or  around  more  well-defined  rock  patches 
or  snapper  lumps  and  (due  to  the  factors  noted  above)  are  not  taken 
by  fishing  methods  now  employed  in  such  situations. 

SEASONAL  DISTRIBUTION  AND  ABUNDANCE i 
It  has  already  been  shewn  in  the  section  on  Spawning  and 
in  the  discussions  of  depth  and  temperature  as  environmental  factors 
that  there  is  a  general  cold-weather  offshore  movement  into  deep 
water.    Thus,  seasonally,  the  Pinfish  is  relatively  much  more  abund- 
ant inshore  in  the  summer  and  late  spring  than  in  the  fall  and  winter. 
The  warm-weather  increase  in  numbers  is  not  only  a  function  of  larger 
fish  moving  back  inshore  at  that  time,  but  it  is  also  necessarily 
related  to  the  increase  in  the  numbers  of  the  entire  population  as 
a  result  of  spawning.    As  the  young  fish  grow  older,  large  numbers 
are  of  course  lost  through  predation  and  other  factors,  and  thus  the 
bulk  of  the  population  (in  numbers)  is  reduced.    However,  discounting 
this,  there  is  still  the  definite  seasonal  difference  inshore  in  the 
number  of  only  the  large  fishes.    A  similar  seasonal  relationship  of 
numbers  inshore  has  been  noted  by  Gunter  (19U5*  63),  Raid  (l95h» 
UU,  80),  and  Joseph  and  Terger  (19£6»  13$).    Kilby  (l?55«  238,  21*0) 
found  Pinfish  in  the  marshes  only  in  the  winter  and  early  summer. 
Since  most  of  his  fish  were  small  and  of  the  0-year  class,  such  a 
distribution  would  be  expected,  and  represents  the  recently  hatched 
fish  moving  in  to  the  inshore  shallows  to  begin  their  first  year's 
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growth.    Toward  the  end  of  the  s isomer,  they  have  grown  large  enough 
to  leave  the  very  shallow  waters  and  have  thus  begun  their  movement 
to  deeper  water  and  thus  out  of  the  marshes.    Such  a  relationship 
between  depth  and  size  of  Individuals  of  this  0-year  class  will  be 
discussed  in  detail  below. 

As  mentioned  above  and  in  the  section  on  Spawning,  and  as 
shown  by  a  compilation  of  Pinfish  catch  records  from  the  M/V  OREGON, 
there  is  a  tendency  for  the  frequency  of  capture  of  large  Pinfish 
in  deep  offshore  water  to  increase  in  the  winter  months.  Really 
large  Pinfish  (200  mm.  or  over)  are  rarely  taken  inshore  in  other 
than  certain  deep  spots  such  as  channels  and  holes  in  banks  in 
close  proximity  to  deep,  unprotected,  offshore  water.    Even  then, 
these  large  inshore -caught  fish  are  usually  taken  only  in  the  late 
spring  and  early  summer,  and  in  areas  where  they  are  taken  in  the 
colder  months,  there  appears  to  be  deep  water  particularly  close 
inshore. 

Ecological  Habitats  at  Cedar  Key,  Florida 
Regular  field  trips  were  made  to  Cedar  Key  from  February,  195 3 > 
through  April,  195U.    Some  twenty-^flve  dsits  were  made  to  five  regular 
stations  (comprising  different  habitats  to  be  described  below)  and 
several  other  stations  were  sampled  sporadically.    Collections  were 
made  at  each  regular  station  at  least  onoe  each  month,  and  whenever 
conditions  permitted,  each  was  visited  twice.    All  stages  of  tide 
were  included  at  some  time  during  the  study,  though  a  mid  to  high  tide 
was  usually  selected  in  order  to  permit  efficient  operation  of  the  boat. 
Comparisons  between  day  and  night  collecting  were  made  (in  the  same 
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twenty-four-hour  period),  but  no  significant  difference  was  found 
in  the  results  obtained  far  the  Pinfish,  though  other  species 
varied  somewhat  in  relative  abundance. 

Though  most  of  the  habitats  visited  at  Cedar  Key  have  been 
described  by  Reid  (195U),  Moody  (1950b),  Kilby  (1955),  and  Caldwell 
(1955a),  a  brief  description  of  them  as  they  actually  appeared  dur- 
ing this  study  is  given  here.    Stations  regularly  visited  were: 

Inshore  channel:     Several  channels  cut  through  the  shallow 

flats  and  banks  of  the  semi-enclosed  (by  islands)  bay  area  at  Cedar 

Key.   The  depth  at  the  station  visited  ranged  from  7  to  20  feet, 

though  it  averaged  about  lU  feet  at  mean  low  tide.    The  bottom  was 

hard,  of  sand  and/or  sandy  mud  and  rock,  with  considerable  shell 

detritus.    Except  for  occasional    its  of  algae,  permanent  vegetation 

was  practically  non-existent,  though  on  several  trips  large  amounts 

of  uprooted  spermatophytes  were  floating  there.    During  the  study 

the  water  temperature  when  the  station  was  visited  ranged  from 
o  o 

lh.l  to  30,6  C,  and  the  salinity  from  2h.lt  to  31.0  ppt.  Turbidity 
was  usually  fairly  high. 

Edge  of  channel:    The  vegetation  at  this  station  near  Sea- 
horse Key  (see  Reid,  1951} *  h,  for  map  of  the  Cedar  Key  area)  con- 
sisted primarily  of  various  forms  of  predominantly  brown  algae. 
This  type  of  vegetation  persisted  during  the  entire  year,  with  a 
slight  reduction  in  its  abundance  during  the  early  spring.  ->ame 
manatee  grass  (Cymodocea)  and  turtle  grass  (Thalaasia)  were  present 
during  the  late  spring  and  in  all  summer  months,  though  at  no  time 
did  their  bulk  outrank  the  algal  covering.    No  slimy  coating  ap- 


peared  on  this  vegetation  as  it  did  on  that  of  the  protected  and 
unprotected  shallow  flat  stations*  The  bottom  consisted  primar- 
ily of  muddy  sand,  with  some  shell  detritus.  The  depth  normally 
varied  from  three  and  one-half  to  nine  feet,  with  an  average  of 

about  four  and  one-hali  feet  at  mean  low  tide.    The  water  tempera- 

o 

ture  at  the  station  when  it  was  visited  varied  from  lii.l  to  30.3  C, 
and  the  salinity  from  2U.0  to  31.1  ppt.    This  habitat  is  very  simi- 
lar to  the  deep  flat  to  be  described  below,  except  that  it  receives 
the  stronger  tidal  sweep  associated  with  the  channels,  and  as  a 
consequence,  turbidity  at  this  station  was  usually  quite  noticeable. 
This  was  particularly  true  in  winter,  when  turbidity  was  generally 
higher  than  in  the  summer  months.    This  seasonal  variation  was  pos- 
sibly due  to  the  general  degeneration  of  the  covering  rooted  vege- 
tation in  winter,  which  thus  tended  to  bare  the  bottom  and  permit 
a  more  efficient  disturbance  of  it  by  wave  action  and  currents. 

Deep  flat »    This  station,  located  off  the  west  side  of 
North  Key  (Reid,  loc.  cit.)  varied  in  depth  from  three  to  twelve 
feet,  with  a  depth  of  approximately  four  and  one-half  feet  at  mean 
low  tide.    As  Reid  (on.  cit.i  5)  notes,  this  habitat  type  is  never 
exposed,  even  at  the  lowest  tides.    The  bottom  at  the  station  con- 
sisted of  muddy  sand  and  considerable  shell  debris.    The  vegetation 
there  was  a  lush  growth  of  manatee  grass  and  some  turtle  grass  in 
the  late  spring  and  summer,  being  nearly  replaced  in  the  fall  and 
winter  by  heavy  growths  of  brown  algae.    At  no  time  was  a  slimy 
coating  found  on  this  vegetation.    The  water  temperature  varied  from 
15.6  to  31.1*°C.,  and  the  salinity  from  2$.h  to  31.0  ppt.    As  at  the 
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station  on  the  edge  of  the  channel,  the  turbidity  increased  in 
winter,  but  was  even  less  noticeable  in  the  summer  than  on  the 
channel  edge. 

Unprotected  shallow  flatt     This  station,  located  off  the 

northwest  end  of  Seahorse  Key  (Reid,  o£.  dt.t  h)  showed  a  depth 

at  mean  low  water  of  two  to  three  feet.    Occasionally,  at  the 

lowest  winter  tides,  this  habitat  may  be  partially  exposed,  though 

maximum  depths  of  eight  feet  were  recorded  during  some  high -tide 

collections*    In  the  summer,  the  muddy- sand  and  shell  bottom 

supported  thick  growths  of  turtle,  manatee,  and  shoal  (Halodule) 

grass,  with  some  patches  of  brown  algae.    In  the  cold  months,  the 

spermatophyte  covering  was  nearly  lost  and  was  replaced  by  heavy 

patches  of  brown  algae  covered  with  an  unidentified  slimy  coating 

which  persisted  into  the  spring  (this  coating  was  absent  from  all 

the  vegetation  of  the  flat  during  the  summer).    Turbidity  varied, 

from  none  to  very  pronounced,  depending  on  the  action  of  the  wind 

and  waves  on  the  shallow  waters  there.    Wa,er  temperatures  ranged 
o 

from  lh.U  to  32.5  C.,  and  salinity  from  22.7  to  31.1  ppt.  during 
the  visits  to  this  station. 

Protected  shallow  flat;      The  s tation  visited  during  this 
study  was  located  off  the  end  of  the  airstrip  (on  Way  Key)  near 
Reid' s  (loc.  cit.)  Shallow  Flat  Number  One.    Except  that  the  station 
was  well  protected  by  land,  and  close  to  oyster  bars  (which  the  Pin- 
fish  seemed  generally  to  avoid),  this  protected  flat  was  nearly 
identical  in  vegetation  (including  the  winter  and  spring  slimy  coat- 
ing) and  bottom  to  the  unprotected  shallot*  flat  described  above. 


Depth  ranged  from  two  to  six  feet,  and  was  approximately  two  and 
one-half  feet  at  mean  low  tide.    Like  the  unprotected  shallow 
flat,  this  station  was  partly  emerged  at  times  during  the  winter. 
The  range  of  water  temperatures  during  the  visits  was  17. h  to 
36.9°C.,  and  the  salinity  18. h  to  30.2  ppt. 

Habitats  visited  only  late  in  the  study  were* 
Offshore  channel >     Located  approximately  one  and  one-half 
miles  south  of  Seahorse  Key  (Raid,  loo,  cit.),  outside  the  protec- 
tion of  the  islands,  this  station  was  visited  only  from  November, 
1953,  to  April,  195b.    The  bottom  was  sand  and  dead  shell  and  the 
depth  varied  from  twelve  to  sixteen  feet,  with  an  average  of  about 
fourteen  feet  at  mem  low  water.    No  spermatophytes  were  found  there, 
and  only  very  sparse  patches  of  brown  algae.    Turbidity  was  highest 
in  winter,  though  some  was  present  during  the  entire  sampling  period. 
Water  temperature  during  these  visits  ranged  from  ll».5  to  25.9°C.t 
and  salinity  varied  between  25.8  and  31.8  ppt. 

Open  beach i     Several  winter  and  early  spring  collections 
were  made  at  the  water's  edge  on  the  sandy  beach  exposed  to  the  open 
Gulf  on  the  south  side  of  Seahorse  Key.    The  bottom  at  the  station 
was  of  mud  or  mud  overlain  by  sand,  and  in  the  latter  case  vac  fair- 
ly hard.    There  was  no  rooted  vegetation,  although  some  patches  of 
uprooted  spermatophytes  and  algae,  or  decaying  plant  debris,  war* 

usually  present  near  the  edge  of  the  water.    The  depth  was  only  a 

o 

few  indies.    Water  temperatures  ranged  from  17.2  to  30.2  C.,  and 
salinities  from  26.0  to  29.9  PPt.    Except  in  December,  when  turbid- 
ity was  high,  the  collections  were  made  in  quite  clear  water. 
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Protected  teach i    Several  late  winter  and  early  spring  col- 
lections were  made  at  the  edge  of  the  water  near  a  dock  in  the  well- 
protected  cove  on  the  north  side  of  Seahorse  Key  (near  the  present 
Seahorse  Key  Marine  Laboratory).    The  locality  had  been  dredged 
and  the  collections  were  made  along  the  edge  of  the  dredged,  muddy 
sand,  beach.    Black  mangrove  (Avicennia)  were  nearby,  but  there 
was  no  other  water-associated  vegetation  in  the  immediate  vicinity. 
There  were  only  occasionally  sparse  bits  of  floating  weed.  The 

depth  ranged  from  only  a  few  inches  to  two  feet.    The  water  tempera- 

o 

tures  varied  from  16,8  to  27,6  C,,  and  the  salinity  from  25,5  to 
29,5  ppt.  No  turbidity  was  encountered  when  the  collections  were 
made.  Habitats  similar  to  some  or  all  of  the  above  (other 

than  the  regular  stations)  were  visited  at  Cedar  Key  and  at  other 
Florida  Atlantic -and  Gulf -coast  localities,  and  in  North  Carolina, 
Georgia,  Mississippi,  and  Texas,    Though  these  collections  were 
sporadic,  whenever  habitats  closely  similar  to  the  regular  Cedar  Key 
stations  were  compared  (for  the  same  month  in  the  year),  quite  com- 
parable results  were  obtained.    It  is  thus  assumed  that  the  ecolog- 
ical preferences  of  Pinfish  of  the  same  size  are  similar  throughout 
its  range,  where  conditions  permit. 

Distribution  of  the  0-year  Class  at  Cedar  Key 
No  fish  smaller  than  11  mm,  was  taken  at  Cedar  Key  (and 
only  one  specimen  this  size,  the  smallest  regularly  taken  being 
12  mm.).    Furthermore,  the  length-frequency  curves  of  this  year 
class  for  the  first  months  showing  the  presence  of  post-larvae,  are, 
for  the  most  part,  abruptly  cut  off  at  this  length,  giving  the  im- 
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pression  that  only  a  part  of  the  expected  normal  curve  is  present 
(Figure  lU),   This  then  is  further  evidence  for  the  occurrence  of 
the  smaller  fish  somewhere  other  than  inshore,  and  so  obviously 
offshore  (see  section  on  Spawning).   These  12  mm.  Pinfish  ware 
found  regularly  only  on  the  open  and  protected  beaches  and  on  the 
protected  and  unprotected  shallow  flats.    They  first  appeared  on 
the  unprotected  shallow  flat  and  on  the  open  beach  in  December, 
but  were  not  taken  on  the  protected  shallow  flat  until  January. 
Collections  were  not  begun  at  the  protected  beach  station  until 
February,  but  the  young  fish  were  there  then.    As  Hildebrand  and 
Cable  (1938 1  $25)  noted  for  those  at  Beaufort,  North  C  rolina,  the 
post-larvae  appear  to  settle  more  or  less  near  the  bottom  on  ar- 
riving inshore,  thus  forsaking  their  assumed  plankton! c  existence 
offshore.    Specimens  as  small  as  16  mm.  continued  to  appear  on 
both  shallow  flats  until  May,  though  by  that  time  some  of  the  early- 
hatched  fish  had  reached  a  length  of  approximately  65  mm.    No  Fin- 
fish  of  any  size  were  taken  at  the  beach  stations  after  April,  al- 
though ones  as  small  as  11  mm.  were  taken  in  that  month  on  the  open 
beach.   Two  specimens  (15  and  19  mm.  long)  were  captured  on  the  deep 
flat  in  April,  but  none  under  1*3  mm.  were  taken  there  at  any  other 
time.    No  specimens  smaller  than  $h  mm.  were  taken  at  either  channel 
station  at  any  time,  though  Hildebrand  and  Cable  (loc.  cit. )  found 
young  12  to  16  mm.  long  in  the  channels  at  Beaufort  in  winter.  As 
they  found  at  Beaufort,  the  young  Pinfish  taken  at  the  unvegetated 
beach  stations  at  Cedar  Key  were  unpigmented  and  shallow  bodied, 
while  those  taken  on  the  grassy  flats  were  nearly  all  pigmented  and 
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the  body  showed  a  definite  tendency  toward  deepening. 

Once  appearing  on  the  grassy  shallow  flats,  members  of  this 
year  class  continued  to  be  taken  there  the  rest  of  the  year.  How- 
ever, as  they  grew  larger,  many  (or  most)  of  them  moved  onto  the 
deeper  channel  edge  and  deep  flat.    They  first  appeared  in  numbers 
in  these  two  habitats  in  May,  where  the  smallest  on  the  deep  flat 
were  1*3  mm.  and  those  on  the  channel  edge  were  29  mm.,  though  the 
maximum  sizes  of  this  year  class  in  that  month  were  almost  the  same 
at  the  two  stations.    Assuming  that  the  movement  by  the  larger  fish 
from  shallow  to  deeper  water  is  a  gradual  one,  the  presence  of  some- 
what smaller  fish  on  the  channel  edge  in  the  same  month  might  be 
expected,  since  this  habitat  is  on  a  slope,  and  in  collecting,  speci- 
mens from  varying  depths  would  be  taken  in  the  same  haul,  while  at 
the  deep  flat  station,  the  depth  remained  essentially  constant  during 
a  haul.    Further  evidence  for  a  movement  into  deeper  water  as  growth 
progressed  lies  in  the  fact  that  the  numbers  of  small  fish  at  the 
various  stations  remained  relatively  constant  during  the  summer  (tak- 
ing predation  into  consideration).   Thus  the  new  recruits  (later 
spawned)  to  the  population  apparently  maintained  the  population  of 
small  individuals  on  the  shallow  flats  while  the  older  and  larger 
individuals  moved  onto  the  deeper  flat  and  channel  edge,  there  to 
form  a  population  of  larger  fishes  which  did  not  appear  until  much 
later  in  the  season  and  must  therefore  necessarily  have  consisted 
of  the  early-spawned  fish  found  only  on  the  shallow  flats  earlier 
in  the  season.    Furthermore,  by  the  end  of  the  summer  the  populations 
on  the  deep  flat  and  channel  edge  increased  in  relative  numbers,  while 
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that  at  the  protected  shallow  lat  station  diminished  greatly.  On 
the  more  offshore  unprotected  shallow  flat,  the  population  size 
remained  relatively  constant,  though  the  mean  size  of  the  fish  in- 
creased since  there  was  no  further  recruitment  from  spawning.  At 
this  later  season,  although  the  fish  from  the  populations  on  the 
deep  flat  and  channel  edge  had  a  slightly  longer  mean  length,  those 
of  the  shallow  flat  were  much  more  similar  in  size  to  them  than 
they  had  been  earlier  in  the  summer.    It  is  assumed  that  the  oldest 
fish  by  then  had  now  moved  into  even  deeper  water  and  that  the 
wide  gap  in  mean  size  between  the  two  populations,  seen  earlier  in 
the  season,  was  now  being  closed,  since  the  remaining  fish  were 
those  spawned  late  Sn  the  season  and  thus  were  more  nearly  the 
same  age  in  both  localities.    Fish  of  this  age  'roup  were  not  taken 
in  the  inshore  channel  until  November,  when  specimens  only  as  small 
as  72  mm.  were  collected.    Even  smaller  individuals  (5U  mm.)  were 
taken  there  in  January,  and  it  is  assumed  that  their  presence  in  the 
deep  channel  was  brought  about  by  the  cold  winter  weather.  Large 
specimens  (63  mm.)  of  this  year  class  were  present  in  the  offshore 
channel  \4ien  it  was  first  visited  in  November.    Though  a  few  remained, 
the  populations  of  this  year  class  were  almost  obliterated  in  the 
winter  on  the  shallow  flats  and  they  were  greatly  reduoed  on  the  deep 
flat  and  channel  edge.    This  is  thus  probably  the  result  of  a  dual 
function  of  growth  with  its  associated  movement  into  deeper  water  and 
the  general  offshore  movement  of  all  age  classes  during  the  cold 
months  of  the  year. 

It  must  be  remembered  that  despite  these  general  population 


trends,  some  fish  seem  to  remain  in  the  shallowest  water  inshore 
during  their  entire  first  year  (or  longer)  of  life,  or  migrate 
back  into  it  after  an  initial  offshore  movement,    Kilby  (1955 « 
223)  found  such  a  situation  in  and  near  the  marshes  at  Cedar  Key 
and  Bayport,  and  such  older  fish  were  also  found  there  during 
this  study,  1 

Distribution  of  Older  Year  Classes  at  Cedar  Key 
As  was  mentioned  in  tthe  section  on  Spawning  and  in  the 
general  remarks  on  seasonal  distribution  made  earlier  in  this  sec- 
tion on  Ecology,  the  larger  fish  tend  to  occur  in  deeper  water* 
However,  as  is  shown  in  Figure  llj,  some  members  of  the  0-year  class 
seem  to  remain  inshore  at  least  into  their  second  year,  to  continue 
growth  after  the  winter  slow-down  of  growth  (see  section  on  Growth 
Rate),  or  as  noted  above,  move  back  inshore*    If  this  latter  is  the 
case,  a  constant  shuttling  of  the  larger  0-year  class  fish  back 
inshore  as  the  developing  ones  leave  for  the  first  time  could  gli« 
the  impression  in  graphs  such  as  Figure  lit  that  the  population  of 
older  0-year  class  fish  consisted  of  the  same  individuals*  Such 
a  question  might  be  answered  by  a  tagging  study  coupled  with  collec- 
tions made  further  offshore  than  equipment  available  during  this 
study  at  Cedar  Key  permitted.    How  long  these  older  fish  remain  in- 
shore (if  they  actually  do  so)  is  unknown,  though  a  definite  third 
age  group  is  shown  for  the  month  of  June  in  Figure  lb.    A  very  few 
of  these  older  fish  (probably  at  least  in  their  second  year)  were 
found  on  the  shallow  flats  in  summer.    More  were  taken  on  the  deep 
flat  and  channel  edge,  and  the  majority  were  taken  in  the  channels. 


In  winter,  a  few  remained  on  the  shallow  and  deep  flats  and  channel 
edge,  though  most  members  of  the  generally  reduced  winter  popula- 
tion appeared  in  the  channels. 

The  general  graphic  appearance  of  the  populations  of  Pin- 
fish  on  the  shallow  flats,  deep  flat,  and  channel  edge  is  essen- 
tially the  sane  as  that  shown  when  all  the  Cedar  Key  length-frequency 
data  are  combined,  even  to  the  presence  of  a  few  large  and  thus  older 
fish  in  the  shallow  waters  after  their  first  year,  Figure  Ife  Such 
variation  as  does  occur  from  the  trends  shown  in  Figure  1U  lies  in 
the  differences  in  siaes  of  the  fish  and  times  the  first  members  of 
the  0-year  class  appear,  as  discussed  above.    The  charts  for  the 
channel  stations  are  not  as  complicated,  and  are  amply  represented 
by  the  older  year  classes  showi  in  Figure  llx. 

These  findings  for  the  distribution  of  the  various  size 
groups,  while  somewhat  more  detailed,  are  comparable  to  those  of 
Kilby  (I955i  223)  and  Reid  (105^  1&)  in  Florida,  Gunter  &9h$t 
63)  in  Texas,  and  Hilde brand  and  Cable  (1938  J  52l»)  in  North  Sarolina. 


GROWTH  RATE 

Growth  rate  curves  (Figure  15)  for  the  O-year  class  at 
Cedar  Key  were  prepared  using  the  means  of  the  monthly  samples  of 
this  age  group.    The  size  Units  of  the  classes  each  month  were 
determined  from  the  length-frequency  curves  presented  in  Figure  llu 

On  a  Man  basis,  a  length  of  approximately  70  to  75  mm. 
was  attained  by  the  end  of  the  first  summer,  though  it  is  appareent 
from  an  examination  of  Figure  lit  that  a  length  of  90  to  95  mm, 
covito  be  attained  (supposedly  by  the  oldest  individuals),  while  some 
(presumably  the  youngest  individuals)  reached  a  length  of  only  50 
mm,  by  winter.    By  the  end  of  the  first  full  year,  the  oldest  reached 
a  length  of  100  to  110  mm.  while  the  youngest  attained  lengths  of  65 
to  70  ram.    These  findings  are  comparable  to  those  of  Kilby  (1955*223) 
in  Florida,  though  Hildebrand  and  Cable  (oj>.  cit,  519)  indicate  a 
slightly  faster  average  growth  rate  for  Pinfish  in  North  Carolina 
(though  their  ranges  of  variation  are  quite  similar  to  those  at  Cedar 
K«y). 

It  can  be  seen  in  Figure  lit  that  there  is  a  general  cessation 
of  mean  growth  in  winter  by  the  members  of  the  0-year  class  which 
are  presumed  to  remain  (see  discussion  of  ecological  distribution  at 
Cedar  Key)  in  the  shallow  inshore  waters.    Growth  is  apparently  re- 
sumed, however,  with  the  onset  of  warm  weather. 

After  the  first  year,  the  growth  rate  seems  to  decrease.  It 
is  apparent  from  an  examination  of  the  June  sample,  shown  in  Fi  ure 
Hi,  that  by  the  second  year  a  mean  increase  of  only  about  50  mm.  over 
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Figure  35.    Growth  rate  of  the  0-year  class  of  Lagodon  rhoa- 
boldes  (L.)  at  Cedar  Key,  Florida,  during  1953 
and  195k »    The  mean  standard  length  for  each 
month  is  indicated  at  each  point  on  the  curve. 
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the  first  year  has  taken  place,  and  that  by  the  third  year  one  of 
only  about  h$  row  over  the  second  year  occurred.  Unfortunately, 
large  samples  of  the  larger  siaed  fish  were  not  available  for  com- 
arative  study,  but  assuming  an  increase  in  length  of  approximate- 
ly US  mm«  per  year  is  made  by  Pinfish  after  their  first  year,  the 
largest  specimen  now  known  (328  mm.)  would,  at  a  minimum,  be  ap- 
proximately in  its  seventh  year.    However,  since  animals  usually 
exhibit  a  sigmoid  type  of  growth  curve,  with  the  older  members  of 
the  srscios  growing  more  slowly  than  the  middle  age  group,  this 
large  328  ram.    infish  may  actually  have  been  even  older  than  in- 
dicated here. 


LENGTH-  WEIGHT  RELATIONSHIP 

Though  only  a  few  specimens  were  so  examined,  a  large 
enough  series,  in  several  size  groups,  was  studied  to  present 
a  useful  formula  for  the  comparison  of  standard  length  and 
f ormalin-pr es erred  wei§4it  in  Pinfiah.    This  in  turn  is  a  valid 
approximation  of  the  relationship  between  standard  length  and 
live  weight.    This  relationship  may  be  expressed  by  the  formula: 

Log  W  -  -4u373h  ♦  2-9136  Log  L 

where  L  equals  standard  length  and  V  equals  formalin-preserved 
weight. 

Hildebrand  and  Schroeder  (1928:  266)  list  a  few  lengths 
(presumed  to  be  total  length)  and  weights  of  fresh  Pinfiah  (given 
in  inches  and  grams,  respectively)  from  Chesapeake  Bay.  When 
these  lengths  and  weights  are  converted  to  standard  length  in  ma. 
and  weight  in  grass,  quite  similar  results  are  found  in  comparison 
with  the  preserved  weight-length  relationship  noted  above. 
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BODY  WEIGHT -BODY  SIRFACE  AREA  RELATIOHSHIP 

Gray  (19$ 3 i  286)  found  that  in  Pinfiah  from      to  58  grans 
in  weight,  at  least,  there  is  an  average  value  for  K  of  7.5  (vary- 
ing from  7.0  to  8.0),  and  that  this  value  could  be  substituted  into 
the  formula 

S  -  Kw 

where  S  equals  the  area  of  the  body  surface  and  w  is  body  weight, 
thus  permitting  the  calculation  of  body  weight  or  body  surface  area 
when  one  or  the  other  is  known. 


Ill 


FOOD  HABITS 


The  Pinfish  is  apparently  completely  catholic  in  its  food 
habits.    So  many  food  items,  both  animal  and  plant,  have  been 
recorded  in  the  literature  for  it  that  it  is  evident  that  almost 
anything  that  is  edible  is  included  in  the  diet  of  this  species. 
The  bulk  of  the  food,  however,  apparently  consists  of  small  animals 
(particularly  crustaceans)  which  seem  to  be  associated  with  the 
usual  grassy  habitat  of  the  Pinfish,  and  the  plant  materials  present 
in  stomach  contents  may,  at  least  in  part,  be  artifacts  ingested 
during  the  capture  of  the  sought-after  animal  food. 

The  contents  of  a  number  of  stomachs  were  examined  from 
various  localities,  although  no  systematic  food  study  for  Pinfish 
was  made  during  this  study.    No  major  types  of  food  previously  un- 
reported by  the  following  authors  were  added  to  the  list,  however. 
The  only  variation  in  food  between  localities  would  be  in  the  spe- 
cific forms  of  "copepods,"  "raollusks,"  "fishes,"  etc.,  found  in 
different  geographical  regions. 

Gunter  (l9hS*  6h)  reports  razor  clam  shells,  algae,  and 
grass  as  being  eaten  by  Pinfish  in  Texas.    Reid  (l95h»  16)  fourd 
that  araphipods,  copepods,  shrimp,  and  crabs  were  the  major  food 
items  for  15  to  128  mm.  Pinfish  at  Cedar  Key,  though  he  also  found 
pelecypod  and  gastropod  mollusks,  fishes,  and  plant  detritus  in  the 
stomach  contents  of  Pinfish  examined  which  were  over  50  mm.  in 
length.    He  also  found  some  stomachs  containing  organic  dettritus 
and  mud,  which  was  quite  probably  ingested  accidentally  by  the  fish 
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as  it  pursued  some  burrowing  animal.    Goode  (l88U»  39U)  reported 
that  in  the  Indian  River  region  of  Florida,  Pinfish  feed  on  "min- 
nows, mall  crabs,  and  shrimp*."   McLane  {1$$$t  317-18)  found 
isopods,  amphipods,  copepods,  decapods,  marine  polychaete  worms, 
chironomid  larvae,  and  algae  and  other  plant  material  in  the  stom- 
achs of  L.  rhomboides  he  examined  (in  part  at  least)  from  the  fresh 
or  nearly  fresh  waters  of  the  St.  Johns  River.    Holbrook  (I86O1  62) 
noted  that  Pinfish  in  South  Carolina  feed  upon  "various  crue  iaceous 
animals,  and  on  smaller  fish."   In  Worth  Carolina,  Smith  (1907 *300) 
reported  L.  rhomboides  eating  "small  fish,  worms,  crustaceans,  mol- 
lusks,  and  seaweed,"  while  in  Pinfish  stomachs  from  Beaufort  in 
particular,  Linton  (190$ 1  380)  found  gorgonia  spicules,  bryozoa, 
sea  urchin  spines,  bivalve  mo  Husks,  gastropods,  annelids,  araphipod; 
copepods,  crabs,  shrimp,  fish,  vegetable  material,  faeces  (from 
stomachs  of  fish  taken  at  the  laboratory  wharf),  and  sand  (some 
with  associated  foraminifera).    In  the  Chesapeake  Bay,  Hudebrand 
and  Schroeder  (1928 1  265)  found  that  Pinfish  stomachs  contained 
vegetable  debris,  crustaceans,  mollusks,  and  annelids,  in  that 
order  of  abundance.    Mr.  LouIm  Mowbray  wrote  me  in  195 h  that  at 
Bermuda,  Pinfish  feed  on  "small  mollusks  and  worms,  etc."  Writing 
of  Pinfish  in  general,  LaMonte  (l9U5»  72}    1952}  116)  and  Gabriel- 
son  and  La4onte  (I950t  58)  report  its  food  as  consisting  of  small 
fishes,  crustaceans  (crabs,  shrimps,  barnacles),  mollusks  (clams 
and  others),  and  worms. 


FEEDING  HABITS 

As  Gunter  (19U5 «  6b)  suggested,  L.  rhomboides  is  a  rraxer. 
This  is  evidenced  by  the  wide  range  of  food  items,  the  form  of 
the  teeth,  and  by  actual  underwater  observations  of  their  feeding 
behavior. 

When  the  food  item  is  small  enough,  it  is  taken  whole, 
and  since  many  such  small  items  appear  complete  in  Pinfish  stomachs, 
they  must  also  be  swallowed  whole.    However,  larger  food  items  are 
nibbled  (a  process  aided  considerably  by  the  sharp  incisor  teeth), 
and  thus  much  of  the  food  found  in  the  stomachs  is  quite  fragment- 
ary, and  obviously  not  made  so  through  normal  processes  of  digestion. 
I  have  observed  Pinfish  nibbling  at  organisms  growing  on  rocks,  etc., 
and  the  notoriety  of  this  species  as  a  bait  stealer  is  widespread. 
In  captivity,  they  also  nibble  at  the  fins  of  other  fishes  confined 
with  them  (see  Economic  Section)  and  Hilde brand  and  Cable  (1938 t 
519)  have  pointed  out  that  Pinfish  were  a  particular  nuisance  to  an 
investigator  working  at  Beaufort  in  that  they  continually  mutilated 
caged  crabs  being  used  in  experiments.    They  did  this  by  biting  off 
the  legs  and  other  appendages  of  these  crustaceans  which  projected 
through  the  cages,  and  these  writers  no  e  that  the  fish  went  so  far 
as  to  swim  completely  upside  down  in  order  to  get  at  the  crabs  from 
underneath  the  suspended  cages. 

Pinfish  seem  to  be  voracious  feeders,  and  in  the  wild  and 
in  captivity  I  have  observed  tremendous  numbers  of  them  converge 
suddenly  on  a  single  small  bit  of  food  thrown  into  the  water  above 
them.    I  have  observed,  while  fishing  with  hook  and  line  for  them, 

lilt 


that  an  individual  from  quite  deep  down  will  often  follow  a  re- 
trieved bait  almost  to  the  surface  before  returning  to  the  bot- 
tom from  which  it  came.    Dr.  John  D.  Kilby  tells  me  that  at  Beau- 
fort, North  Carolina,  he  observed  a  large  aggregation  of  Pinfish 
feeding  in  a  channel  near  the  surface  on  small  red  oligochaete  worms 
which  were  being  swept  along  by  the  tide.    He  noted  that  the  fish 
were  "popping"  at  the  surface  while  catching  the  worms,  much  as  do 
fresh-water  bream. 

It  was  interesting  also  that  on  several  occasions,  while 
hand lining  for  Pinfish,  I  noted  that  they  were  biting  very  well 
until  the  la  e  afternoon  sun  began  to  set.    When  this  happened,  the 
fishing  suddenly  s  lacked  off,  and  by  dusk  no  Pinfish  would  bite, 
though  other  species  continued  to  do  so.    Pinfish,  both  in  aquaria 
and  under  natural  conditions,  when  observed  with  a  light,  after 
dark,  were  quite  inactive.    Furthermore,  their  pattern  of  stripes 
and  bars  was  much  more  pronounced  than  it  had  been  during  the  day, 
perhaps  as  a  camouflage,  during  this  period  of  assumed  vulnerabil- 
ity, related  to  their  preferred  habitat  of  vegetation.    Longley  and 
Hildebrand  (l9hli  133),  observing  Pinfish  in  aquaria  at  Tortugas, 
na>ted  this  intensification  of  bars  at  night  and  remarked  upon  the 
physical  means  by  which  it  is  accomplished. 


PREDATORS 

Only  a  few  predators  on  Pinfish  have  been  listed,  though 
there  is  little  doubt  that  the  extreme  abundance  of  this  species 
throughout  most  of  its  range  must  make  it  a  common  food  item  in 
the  yet  unrecorded  diets  of  the  many  piscivorous  fishes  and  the 
larger  piscivorous  birds. 

Some  fishes  which  are  known  to  have  consumed  Pinfish  under 
presumably  natural  conditions  are*    Sailfish,  Istiophorus  americanus 
(Cuvier),  reported  by  Voss  (1953*  22? )j  Spotted  Sea  Trout,  Cynoscion 
nebulosus  (Cuvier),  listed  by  Moody  (1950b:  167))    Gulf  Hake,  Urophy- 
cis  floridanus  (Bean  and  Dresel),  by  Reid  (l95h»  23) J  Toadfish, 
Ops  anus  beta  Goode  and  Bean,  reported  by  Reid  (op.  cit.t  6li);  and  the 
Gulf  Flounder,  Paralichthys  alblgutta  Jordan  and  Gilbert,  by  Reid, 
(op.  cit.t  66).    In  that  the  Pinfish  is  the  preferred  bait  in  many 
places  for  grouper,  snook,  and  tarpon,  as  well  as  the  above-mention- 
ed trout,  it  must  form  an  important  part  of  the  natural  diet  of  these 
fishes,  where  their  ranges  coincide  with  that  of  L.  rhomboides. 

Scattergood  (1950:  5C7)  reported  Pinfish  from  the  stomachs 
of  the  Double -crested  Cormorant,  Phalacrocorax  a.  auritus  (Lesson), 
and  I  have  identified  as  L,  rhomboides  fiah  which  Mr.  Charles  Wharton 
of  the  University  of  Florida  tells  me  were  dropped  by  nesting  cormor- 
ants at  Cedar  Key.    Howell  (1932:  87)  listed  Pinfish  as  being  preyed 
upon  by  the  Eastern  Brown  Pelican,  Pelecanus  occi  entails  ^arolinen- 
sis  Gmelin,  (based  on  a  record  by  Pearson,  1919).    Howell  (op_.  cit.:95) 
also  includes  the  Han-O-War  Bird,  Fregata  magnificens  rothschildi 
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Mathews,  as  a  Pinfish  predator,  and  Longley  and  Hildebrand  {l9hXt 
133)  noted  one  of  these  birds  attempting  to  pick  up  a  floating  Pin- 
fish. 

It  is  interesting  to  note  that  Gunter  (I9h2b»  27U)  did  not 
list  L.  rhomboides  amonf-  fishes  from  the  stomachs  of  29  Atlantic 
Bottlenose  Dolphins,  Tursiops  truncatus  (Montague),  from  Texas, 
despite  the  abundance  of  Pinfish  in  the  coastal  waters  of  that  state 
in  habitats  visited  by  porpoises  presumably  feeding.    These  findings 
can  thus  be  correlated  with  remarks  made  by  the  late  Arthur  'icBride, 
then  curator  of  Marine  Studios,  Marine land,  Florida,  who  once  told 
Stewart  Springer  that  the  captive  T,  truncatus  there  would  not  eat 
Pinfish,  neither  those  alive  in  the  tank  nor  when  the  fish  were 
offered  to  them  dead.    A  similar  situation  has  been  found  by  the  staff 
of  Florida^  Gulfarium,  at  Fort  Walton  Beach,  where  the  captive  por- 
poises of  this  same  species  do  not  seem  to  bother  the  numerous  live 
Pinfish  in  the  same  tank  (though  these  mammals  do  catch  and  eat  other 
species  of  fish  in  the  tank).    The  porpoises  there,  however,  have 
eaten  dead  Pinfish  on  occasion,  when  the  fish  were  offered  by  the  por- 
poise trainer.    Perhaps  these  quite  intelligent  mammals  have  found 
by  experience  that  the  sharp  spines  of  the  Pinfish  are  so  uisagree- 
able  when  catching  or  swallowing  the  fish  that  they  avoid  this  species 
on  later  encounters.    This  behavior  is  contrary  to  that  reported  for 
the  Spotted  Dolphin,  Stenella  plagiodon  (Cope),  which  was  observed 
apparently  feeding  on  individuals  from  surface-swimming  aggregations 
of  Pinfish,  of fshore  in  the  Gulf  of  Mexico  (Siebenaler  and  Caldwell, 
1956i  127}    Springer,  1957  *  170). 


Reid  (o£.  cit. :  8U)  points  out  that  man  also  mu3t  be  con- 
sidered as  a  fish  predator  of  importance.    Since  Pinfish  are  com- 
monly taken  and  eaten  by  fishermen,  widely  used  for  fishing  bait, 
and  are  accidentally  killed  in  great  numbers  during  certain  com- 
mercial fishing  operations,  man  must  therefore  be  included  as  a 
predator  on  this  species. 


ASSOCIATED  FISH  SPECIES 


Since  the  Pinfish  has  such  a  wide  range  of  ecological  toler- 
ances, and  thus  variation  in  habitats  in  which  it  is  taken,  it  is 
necessarily  found  in  association  with  an  extremely  wide  selection 
of  fish  species. 

However,  several  species  were  taken  quite  frequently  in 
the  same  collections  with  Pinfish  at  Cedar  Key  (and  in  other  areas 
sampled  where  their  ranges  overlap),  though  usually  not  in  as 
large  numbers  as  Lagodon.    These  particularly  associated  species 
were:    Pigfish,  Orthopristes  c'rirysopterus  (L.);    Silver  Perch  or 
Tellowtail,  Balrdlella  chrysura  (Lacepede)j    Common  File fish, 
Stephanolepis  hispidus  (L.)j    Florida  Pipefish,  Synflaathug  floridae 
(Jordan  and  Gilbert )j    Scovell's  Pipefish,  S,  scovelli  (Evermann 
and  Kendall);    and  the  Common  Mojarra,  Eucinostomus  gula  (Quoy  and 
Gaimard).    At  the  Cedar  Key  open  beach  station,  large  numbers  of 
post-larval  Spot,  Leiostoraus  xanthurns  Lacepede,  were  taken  with 
the  post-larval  Pinfish. 

Whether  these  associations  were  beneficial  or  harmful  to 
the  Pinfish  could  not  be  determined,  and  actually,  the  associated 
species  probably  simply  share  the  characteristic  habitat  types 
associated  with  Pinfish  occurrence. 
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PARASITiiS 


An  effort  was  made  to  collect  any  parasites  seen,  although 
a  detailed  study  of  such  organisms  on  Pinfish  was  not  attempted. 
Though  internal  parasites  were  not  taken,  some  have  been  reported 
from  Pinfish,  by  various  authors.    The  external  parasi.es  which  I 
collected  were  very  kindly  identified  by  Dr.  David  Causey  of  the 
University  of  Arkansas.    His  identifications  are  included  in  Table 
7,  with  an  undoubtedly  incomplete  list  obtained  from  the  litera- 
ture, of  internal  and  external  parasites. 

It  was  interesting  to  note  that  only  a  few  externally  para- 
sitized Pinfish  (and  then  only  small  individuals)  were  found  dur- 
ing this  study,  despite  the  examination  of  thousands  of  specimens. 
Chandler  (1935 :  125)  found  that  all  of  the  Pinfish  from  Galveston 
Bay,  Texas,  which  he  examined  for  parasites  were  free  of  them,  and 
-  L.  rhomboides  as  a  host  has  been  noticeably  absent  from  lists  of 
parasitised  marine  fishes  from  various  regions  throughout  its 
range,  and  in  those  papers  in  which  it  is  mentioned  as  a  host,  it 
is  only  rarely  so. 
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BEHAVIOR 


Though  no  systematic  studies  of  Pinfish  behavior  were 
aade,  the  following  notes  concerning  this  subject  were  accumu- 
lated. 

Territoriality 
Though  it  was  not  always  exhibited,  and  only  a  few  in- 
dividuals in  an  often  large  aggregation  showed  the  tendency  when 
it  was  seen,  a  defense  of  a  definite  territory  was  observed  for 
Pinfish,  under  both  ild  and  captive  conditions.    It  was  shown 
by  large  and  small  individuals,  though  it  aeemed  to  be  the  larger 
members  of  any  aggregation  (whether  made  up  of  a  single  age 
g*oup  or  of  mixed  ages)  which  defended  a  territory  (see  Allee  and 
Dickinson,  195U).    The  territory  defended  was  usually  small,  only 
a  few  lengths  of  the  defender  in  all  directions,  but  it  was  seal- 
ously  guarded.     The  defender  chased  intruders  well  away  and  re- 
turned rapidly  to  its  original  position.    Often,  especially  when 
large  numbers  of  fish  were  present,  the  defender  was  kept  con- 
tinually busy  chasing  invaders,  while  its  neighbors,  which  were 
apparently  not  defending  territories,  freely  intermingled  and 
held  more  or  less  their  approximate  position,  either  while  feed- 
ing or  resting.    Though  the  water  for  some  distance  over  them 
was  also  defended,  the  examples  of  territoriality  observed  con- 
sisted of  the  defense  of  a  small  patch  of  bottom  vegetation,  an 
area  around  a  rock  or  other  piece  of  detritus,  or  even  a  patch 
of  clear  bottom.    Never  was  a  section  of  open  mid-water  seen  de- 
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fended.    Furthermore,  the  tendency  seemed  to  be  to  chase  other  Pin- 
fish  but  not  other  fish  species,  and  in  no  case  was  an  attack  seen 
made  on  an  intruding  invertebrate  or  member  of  another  class  of  ver- 
tebrate.   In  one  instance,  in  the  large  main  tank  at  Florida's  Gulf- 
arium,  a  large  Pinfish  successfully  defended  the  top  of  a  rock  for 
as  long  as  observed  (sporadically  for  a  number  of  hours)  against  all 
other  Pinfish  (a  few  slightly  larger,  but  most  smaller).    No  attack 
was  made  on  Pigfish,  Orthopristes  ehrysopterus  (L.),  many  smaller 
than  the  defender,  or  on  larger  Spadefish,  Chaetodipterus  faber 
(Broussonet),  and  Sheephead,  Archosargus  probatocephalua  (Walbaua), 
which  violated  the  territory.    In  other  smaller  and  more  confining 
tanks,  wandering  crabs,  moll us ks,  and  baby  sea  turtles  were  apparent- 
ly ignored  by  Pinfish  defending  a  territory.    In  another  instance,  a 
large  number  of  small  Pinfish  (approximately  30  to  h0  mm.  in  length) 
were  being  kept  temporarily  in  two  five-gallon  carboys.    One  fish 
in  each  container  exhibited  tendencies  of  holding  a  small  territory 
consisting  of  an  open  patch  of  bottom  (there  was  no  cover  of  any  kind 
in  the  Jars).    AH  fish  (only  Pinfish  were  present)  that  came  near 
the  defender  were  chased  vigorously,  though  the  defender  did  not 
stray  far  from  its  territory  in  order  to  chase  the  intruders.  Several 
prolonged  defender-intruder  contacts  were  noted  in  which  the  two  in- 
dividuals swam  in  tight  counter-clockwise  circles  head  to  tail,  with 
their  bodies  parallel.    In  all  such  encounters  the  intruder  finally 
departed.    As  noted  above,  the  defender  was  one  of  the  largest  specimens 
in  the  tank. 

Observations  on  territoriality,  similar  to  the  above,  under 
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natural  situations,  were  made  using  diving  gear. 

Flashing 

Pinfish  are  often  seen  to  "flash,"  particularly  on  brigit 
days.    Tids  phenomenon  is  the  result  or  their  turning  on  their 
sides  so  that  the  sun  glints  on  their  silvery  flanks,  and  it  is 
most  obvious  to  the  observer  when  the  fish  are  viewed  from  above. 
When  watching  these  fish  while  in  the  water  with  them,  or  through 
the  portholes  of  large  oceanariums,  it  was  apparent  to  me  that  most 
fish  so  flashing  were  either  avoiding  a  territory  defender  or  were 
rising  rapidly  to  feed  on  some  mid-water  food  item.    Such  behavior 
was  exhibited  by  single  individuals  and  by  various-sized  groups  act- 
ing on  a  single  stimulus. 

Burying  and  Hiding 

While  cleaning  the  bottom  of  a  small  aquarium  containing  four 
Pinfish,  I  accidentally  hit  one  with  a  suction  tube.    The  fish  im- 
mediately buried  into  the  deep  sand  on  the  bottom  of  the  tank.  The 
burial,  which  was  complete,  was  accomplished  by  quick  movements  of 
the  tail  (almost  faster  than  the  eye  could  follow)  which  drove  the 
fish  head-first  into  the  sand,  on  its  side.   The  fish  was  entirely 
hidden,  with  no  sand  mound  to  mark  its  location,  and  it  remained  com- 
pletely buried  for  ten  minutes  before  I  prodded  it  to  try  to  get  it  to 
uncover.   With  repeated  prod dings,  the  fish  moved  enough  to  expose  the 
edge  of  the  opercle,  the  edge  moving  in  a  normal  manner  (of  inward  and 
outward  motion)  which  disturbed  the  sand  somewhat  anr.  made  the  presence 
of  the  body  part  more  obvious.    Next  the  mouth  appeared  (with  sand 
grains,  possibly  eventually  expelled  through  the  gill  cover,  flowing 
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into  it),  and  then  the  eye.    The  fish  remained  completely  motionless 
until  it  was  entirely  uncovered.    As  long  as  any  part  of  it  was  hid- 
den, it  remained  quiet.    On  being  completely  uncovered  it  swam  away 
in  a  normal  manner.    The  process  of  burying  was  reinstigated  several 
times  simply  by  bitting  the  fish  with  a  rod.    Dr.  John  D.  Kilby  tells 
me  that  he  has  seen  Pinfish  bury  in  this  manner  in  nature  and  also 
that  he  has  seen  there  curl  up  in  dead  mollusk  shells  when  disturbed. 
Thus  a  very  effective  protective  mechanism  (probably  not  employed 
except  under  extreme  duress)  has  been  developed  by  a  species  of  fish 
usually  free-swimming  and  not  generally  considered  so  secretive  in 
habit. 

Schooling 

Pinfish  often  form  quite  large  aggregations  which  might  b« 
termed  schools,  though  these  groups  do  not  seem  to  operate  under  the 
common  stimulus  which  seems  to  so  instantaneously  direct  the  large 
schools  formed  by  some  fishes  (see  Morrow,    191*8:  27).    Large  aggre- 
gations made  up  of  an  estimated  several  thousand  adult -sized  Pinfish 
were  reported  on  one  occasion  swimming  at  the  surface  well  offshore 
in  the  Gulf  of  Mexico  (Springer,  1957*  170 ).   Springer  notes,  however, 
that  ten  fisherman  aboard  the  vessel  observed  the  aggregations  and 
that  none  of  them  gusssed  the  species  forming  the- .    Not  until  sow 
of  the  fish  were  caught  was  it  found  that  they  were  L.  rhomboides. 
That  such  groups  of  Pinfish  were  not  expected  at  the  surface  was  evi- 
denced by  the  fact  that  there  was  over  one  hundred  years  of  fishing 
experience  among  the  observers.    However,  the  fact  that  the  fish  were 
on  the  surface  rather  than  deeper  down  nay  have  been  an  abnormal  con- 
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dition  prompted  by  schools  of  porpoises  feeding  on  them  (Springer, 
loc.  cit.j    Siebenaler  and  Caldwell,  1956t  12?). 

In  another  instance,  OREGON  encountered  a  bottora-dwelling 
aggregation  of  fish  so  large  that  it  made  a  definite  trace  on  a 
fathometer  recording  tape  (Figure  16).    This  group  was  identified  as 
consisting  of  Pinfish  since  the  trawl  being  dragged  at  the  time  was 
landed  soon  after  seeing  the  trace  and  large  numbers  of  very  active 
individuals  of  this  species  were  taken,  to  the  exclusion  of  practic- 
ally all  other  species.    The  aggregation  extended  some  three  fathoms 
from  its  top  to  the  sea-bottom. 

Inshore,  where  suitable  habitat  is  found,  Pinfish  seem  to 
occur  so  hemogenously  and  in  such  large  numbers  throughout  it  that 
definite  schools  or  aggregations  are  indistin  uishable.  Compact 
groups  such  as  those  noted  above  have  not  been  re  or  ted  for  this  spe- 
cies in  such  inshore  situations. 


Figure  16.    Fathometer  trace  showing  a  bottom-dwelling  aggregation 
of  Lagodon  rhomboides  (L. ).    Made  from  the  United  States 
Fish  and  Wildlife  Service  MA  OREGON  on  March  11,  1951, 
at  Lat.  28°  IS*  N.,  Long.  83°  30*  W.,  in  U  fathoms  at 
ORBGON  Station  928  in  the  Gulf  of  Mexico. 
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FOSSIL  RECORD 

There  have  been  two  discoveries  of  fossil  fish  teeth  refer- 
able to  the  genus  Lagodon  which  indicate  that  it  has  existed  rela- 
tively unchanged,  at  least  in  tooth  farm,  in  North  America  at  least 
since  the  Middle  Miocene.    The  finds  are  referred  tot 

Lagodon  sp. 

The  first  of  the  two  discoveries,  and  the  oldest  geologically, 
has  been  reported  by  Berry  (1932)  in  a  paper  describing  four  teeth 
from  the  middle-Miocene  St.  Mary's  formation  (Chesapeake  group)  of 
Maryland,   Though  his  excellent  photographs  of  one  of  these  teeth  do 
indicate  a  form  almost  certainly  referable  to  the  genus  Lagodon, 
Berry  notes  that  it  is  unlikely  that  the  only  existing  species  of  that 
genus  (L.  rhomboides)  goes  back  unchanged  to  that  time.    However,  he 
admirably  does  not  elect  to  assign  a  specific  name  to  this  form  merely 
on  the  basis  of  the  few  teeth.    Tnough  the  teeth  of  a  given  specimen 
of  L.  rhomboides  vary  somewhat  in  width,  it  is  interesting  to  note 
that  the  measurements  given  by  Berry  indicate  that  the  Miocene  tooth 
belonged  to  a  fish  within  the  size  range  of  L.  rhomboides.    A  tooth 
from  a  239  mm.  Pinfish  measured  lJb  mm.  in  greatest  width  and  one 
from  a  fish  206  mm.  in  length  measured  1.$  mm.    The  Miocene  tooth 
was  1.2  mm.,  and  would  indicate  that  it  belonged  to  a  fish  approxim- 
ately 175  mm.  in  length,  assuming  the  fish  was  similar  in  proportions 
to  the  Pinfish. 

Lagodon  cf .  L.  rhomboides 
Two  teeth  (UF  2232)  so  similar  to  those  of  L.  rhomboides 
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that  they  must  tentatively  be  ascribed  to  this  species,  were  col- 
lected by  Dr.  Walter  Auffenberg  of  the  University  of  Florida  at 
a  locality  near  the  village  of  Haile,  Alachua  County,  Florida.  The 
locality,  Pit  VI,  A,  located  in  SW  l/U.  Section  2b,  R  17  E,  T  9  S, 
is  in  the  Alachua  formation  and  of  Pliocene  age.    Goin  and  Auffen- 
berg (1955 »  500,  503),  in  more  completely  describing  this  deposit, 
note  that  it  is  of  fresh-vater  origin  and  Auffenberg  (1955*  135) 
more  particularly  notes  that  it  "apparently  represents  a  fluviatile 
or  sink-hole  deposit."    In  view  of  the  presence  of  the  presumably  es- 
sentially marine  Lagodon  cf.  L.  rhomboides,  it  would  appear  that  the 
deposit,  while  still  reasonably  referable  to  fresh  water,  was  origin- 
ally a  spring  or  freshwater  stream  relatively  close  to  salt  water  and 
with  a  direct  connection  to  the  sea.    L.  rhomboides  is  kncwn  to  pene- 
trate such  waters  (Herald  and  Strickland,  1950:  106;    Gunter,  19U2a: 
3l5j    McLane,  1955*  316;  and  section  on  Ecology  in  this  paperj  and 
Cooke  (19U5»112)  indicates  that  the  Pliocene  marine  shoreline  of  east- 
ern Florida  was  much  nearer  this  locality  than  that  shoreline  is  today. 

Most  authors  (see  for  example  Eigenmann  and  Hughes,  1888j  66) 
note  that  all  of  the  incisor  teeth  of  L.  rhomboides  are  deeply  notched, 
though  an  examination  of  numbers  of  specimens  of  this  species  shows 
that  this  is  not  necessarily  the  case,  and  teeth  from  very  small  in- 
dividuals may  be  tri -notched  rather  than  singly  so  (see  section  on  Mor- 
phology).   While  the  teeth  nearest  the  mid-line  seem  always  to  be  dis- 
tinctly notched  to  some  degree  (not  necessarily  deeply),  the  more 
posterior  ones  may  be  unnotched,  though  they  are  triang  lar  in  anter- 
ior aspect  above  the  base  like  the  notched  front  teeth  (Figure  19). 
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In  the  few  large  Pinfieh  examined,  it  was  apparent  that  in  those 
teeth  which  are  clearly  notched,  the  notching  becomes  progressive- 
ly more  noticeable  as  the  fish  becomes  larger,  as  does  a  definite 
dorso-ventral  furrow  in  the  raid-line  o    the  tooth  (Figure  17).  A 
similar  furrow  is  shown  on  the  Miocene  tooth  illustrated  by  Berry 
(I932i  3dj)  and  on  the  two  deeply  notched  Pliocene  teeth  (Figure  18). 
All  of  the  fossil  teeth  and  those  from  modem  L.  rhomboides  show  a 
cutting  edge  which  slants  upward  to  one  corner.    In  the  modern  teeth, 
and  presumably  with  the  fossil  ones,  the  highest  side  is  toward  the 
anterior  part  of  the  mouth  (Figure  19).    Both  Pliocene  teeth  measure 
1.7  mm.  in  greatest  width,  and  assuming  the  fish  to  which  they  be- 
longed had  proportions  similar  to  L.  rhomboides,  and  taking  into  con- 
sideration the  variation  in  tooth  size  within  a  single  specimen,  they 
represent  a  fish  approximately  200  to  250  mm.  in  length  —  well  within 
the  siae  range  of  L.  rhomboides. 

According  to  family  descriptions  given  by  Jordan  and  Svermann 
(1896-1900),  there  are  only  a  few  families  of  fishes  with  members 
which  have  incisor  teeth  and  which  occur  in  the  waters  of  North  and 
Middle  America.    A  number  of  these  occur  in  Florida  (the  Pomacentri- 
dae,  Acanthuridae,  Ostraciidae,  Balistidae,  Aluteridae,  and  the  Ky- 
phosidae).    All  are  marine  groups,  however,  and  are  presently  unre- 
corded from  fresh  water  in  North  and  Middle  America  (Gunter,  1956). 
Two  other  marine  families  with  representatives  in  North  and  Middle 
America  have  incisor -toothed  members.    One  of  these,  the  Smbioto- 
cidae,  is  presently  restricted  to  the  Pacific.    The  other,  the  Pleuro- 
nectidae,  though  having  members  in  Florida,  has  its  incisor- toothed 


Figure  17,     Anterior  incisor  tooth  from  a  206  mm.  specimen 
of  Lagodon  rhomboid es  (L. )  from  ^ero  Beach, 
Florida,    (left)  Anterior  aspect,  (ri^it) 
Posterior  aspect. 


Figure  18.     Two  teeth  of  Lagodon  cf  •  L.  rhomboid  es  from  a 
Pliocene  fossil  locality  at  Haile,  Alachua 
County,  Florida,    (left)    Posterior  aspects, 
(right)    Anterior  aspects. 
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Figure  19. 


Mouth  of  Lagodon  rhomboides  (L.)  showing  the 
form  and  arrangement  of  teeth,    (left)  Anteri- 
or view,    (right)  Left  profile. 


Figure  20.  Mouth  of  Archoaargua  rho  boidalis  (L. )  shoving 
the  form  and  arrangement  of  teeth,  (left)  An- 
terior viev.    (right)  Wt  profile. 
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representatives  restricted  to  the  Pacific,  according  to  Jordan  and 
Everraann  (op,  dt.).    Tvo  other  families  (the  Characidae  and  Cich- 
lidae)  are  primarily  fresh-water,  but  penetrate  North  America  only 
to  south  Texas  (Knapp,  1953)*    Meabers  of  the  family  Cyprincdon- 
tidae  having  incisor  teeth  enter  Florida  fresh  waters.    I  haw 
examined  specimens  of  incisor -toothed  representatives  of  all  of 
the  above  named  families  (with  the  exception  of  the  Embiotocidae 
and  Characidae),  and  find  that  their  teeth  are  quite  unlike  the 
fossil  ones,  in  form  and  usually  also  in  size,  even  though  the 
ranges  of  these  groups  may  have  once  included  Florida  fresh  waters. 
An  examination  of  figures  of  characin  incisors  in  Eigenmann  (1917, 
1918,  1921,  and  1927)  and  in  Eigenmann  and  layers  (1929)  shows  that 
these  teeth  are  also  unlike  the  fossils.    The  description  of  the 
teeth  of  an  incisor-toothed  embiotodic  (Jordan  and  Gilbert,  1881) 
indicates  that  they  too  are  unlike  those  of  Lagodon.   Vihile  some 
clingfishes  (family  Gobiesocidae)  have  incisor  teeth,  Dr.  John  C. 
Hrlggs,  who  recently  did  a  world-wide  revision  of  the  entire  group 
(Briggs,  1955)  tells  me  that  these  teeth  are  not  at  all  like  the 
Florida  fossils. 

Only  the  incisor  teeth  of  members  of  the  family  Sparidae 
at  all  resemble  the  Florida  specimens,  and  only  four  genera  of 
Western  North  Atlantic  spar  ids  possess  this  type  of  tooth.  Of 
these,  one  is  Lagodon.    In  the  second,  Stenotomus,  in  the  material 
examined,  the  incisors  of  the  two  species,  S.  chrysops  (L. )  and 
S.  caprinus  Bean  (both  North  American  and  restricted  to  salt  water), 
are  lanceolate,  long  and  narrow,  and  are  not  broadly  expanded  toward 
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their  distal  ends.    A  few  teeth  of  large  specimens  of  S.  chrysops 
had  a  very  shallow  rounded  notch  and  a  dorso-ventral  groove,  though 
the  narrow  tooth  could  not  be  confused  with  the  broadly  expand- 
ed, triangular,  sharply  notched  tooth  of  Lagodon.    Since  the  re- 
maining genera,  Archosargus  and  Diplodus,  are  closely  related  to 
Lagodon,  and  since  their  teeth  are  similar  in  many  respects,  speci- 
mens of  all  species  occurring  on  the  North  American  coasts  were 
examined  in  detail  to  see  if  there  was  any  morphological  overlap 
between  their  teeth  and  those  of  Lagodon.    None  was  found,  based 
on  the  material  examined.    Except  for  D.  argenteus  (Valenciennes) 
A.  pourtalesii  (Steindachner),  which  were  examined  grossly,  jaws 
of  all  of  them  were  cleaned  and  photographs  made  of  them  with 
teeth  in  place.    As  a  result  of  this  examination,  the  fossil 
teeth  are  clearly  shown  to  belong  to  a  species  closely  related 
to  or  identical  with  L.  rhomboides. 

In  the  case  of  Diplodus  holbrooki  (Bean),  which  has  been 
recorded  from  a  near-freshwater  spring  in  Florida  (Caldwell,  l?55a: 
76),  and  D.  argenteus,  tfiich  is  unrecorded  from  freshwater  in 
North  and  Kiddle  America  (Gunter,  1956),  the  incisor  teeth  are 
not  notched  (Figure  21).   Furthermore,  they  have  incisors  which 
are  more  rectangular  in  anterior  aspect  above  the  narrowed  base 
than  in  Lagodon.       Also  the  upper  portion  is  proportionately 
longer  (in  r«*x*tiuii  to  the  base)  than  in  Pinfish,  a>  d  rather  strong- 
ly incurved  in  lateral  profile  toward  the  cutting  edge  (much  more 
so  than  that  of  Pinfish).    Finally,  there  is  a  posterior  buttress 
on  the  inner  base  of  the  tooth,  which  is  absent  in  Lagodon. 


Figure  21.    Mouth  of  Diplodus  holbrookl  (Bean)  showing  the 
form  and  arrangement  of  teeth,    (left)  Anterior 
view.      (right)  left  profile. 


Figure  22 


Mouth  of  Archosargus  probatocephalus  (Walbaum) 
showing  the  form  and  arrangement  ol'  teeth, 
(left)  Anterior  view,    (right)  Left  profile. 
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The  incisor  teeth  (Figure  22)  of  Archosargus  prcbatocephal- 
us,  a  Sparid  also  recorded  from  fresh  water  in  Florida  (Gunter, 
19)4  2a  t  315),  are  quite  similar  to  those  of  Pi  plod  us.    However,  the 
rectangular  upper  portions  are  less  strongly  incurved  in  profile, 
the  narrow  base  is  longer  in  proportion  to  the  upper  portion,  and 
a  very  slight  notch  may  appear  in  teeth  of  larger-sized  fish  (al- 
though the  furrow  of  La^odon  teeth  and  the  precise  notch  shown 
in  that  genus  were  not  observed  in  A.  probatocephalus » 

The  incisor  teeth  of  A.  rhomboicialis  (Figure  20),  a  species 
not  recorded  from  fresh  water,  have  the  buttressed  base  of  the  in- 
cisors of  Diplodus  and  A.  probatocephalus,  and  have  rectangular  (cr 
even  square)  upper  portions,  which,  more  like  those  of  Diplodus,  are 
noticeably  incurved  near  the  cutting  edge.    However,  the  cutting 
edges  of  the  lower  teeth  are  quite  lunate,  rather  than  being  dis- 
tinctly notched  or  entire,  while  the  upper  teeth  tend  to  be  slightly 
serrated  or  entire.    Teeth  examined  grossly  in  specimens  of  A,  pour- 
tales!!,  a  very  closely  related  species  from  the  Pacific  Galapagos 
Islands,  show  a  similar  condition. 


ECOHOKIC  IMPORTANCE 


Economic  Relationships 
The  Pinfiah  usually  is  included  in  fishery  statistical 
reports  as  a  comercial  species.    Such  reports  cone  primarily 
from  North  Crolina  and  Florida,  where,  for  example,  in  1952 
(Anderson  and  Power,  1955)  the  combined  landings  from  these  two 
states  (the  only  ones  reporting  "Pinfish")  were  978,800  pounds, 
valued  at  $32,812.00.    These  same  authors  (Anderson  and  Power, 
1956a  and  1956b)  do  not  list  this  species  from  North  Carolina  in 
1953  and  1?5U,  but  do  list  85, UOO  pounds  with  a  value  of  $U,1$6.00 
from  both  coasts  of  Florida  combined  for  1953,  and  281,600  pounds 
valued  at  $22,688.00  for  195U.    The  Florida  portion  of  the  1952 
total  was  li50,8O0  pounds  valued  at  $28,851*00.  Unfortunately, 
these  figures  probably  do  not  give  a  true  picture  of  the  poundage 
landed  and  the  value  of  this  species  as  a  commercial  fish.  Pin- 
fish  are  frequently  lumped  in  reports  as  "trash,"  "scrap,"  or  "un- 
classified," and  these  classifications  undoubtedly  explain  the  ab- 
sence of  Pinfish  in  reports  from  such  states  as  South  Carolina, 
Georgia,  Alabama,  Mississippi,  and  Texas,  where  the  species  is 
abundant,  and  is  frequently  used  for  certain  commercial  purposes 
(see  below).    It  was  included  from  Alabama  and  Mississippi,  as  well 
as  Florida,  in  1890  (Collins  and  Smith,  1893).     1  have  also  found 
from  personal  experience  that  species  other  than  L.  rhomboides  are 
often  included  by  fish  houses  in  their  reports  as  "Pinfish"  or  vice 
versa.    Taking  these  factors  into  consideration,  it  is  my  opinion, 
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therefore,  that  the  figures  presented  by  Anderson  and  Power  are 
an  underestimate  of  the  true  dollar  value  and  commercially  util- 
ized poundage  of  Pinfish.    The  misidentification  of  Pinfiah  as 
other  species,  or  other  species  as  Pinfish,  is  probably  of  minor 
and  self -equalizing  importance, 

Pinfish  are  of  relatively  small  importance  as  a  commercial 
food  fish.    Though  delicious,  they  are  too  small,  on  the  average, 
to  be  utilized  for  anything  but  a  low-priced  panfish,  and  are 
usually  sold  for  this  purpose  only  in  small  neighborhood  fish  mar- 
kets, where  I  am  told  they  are  often  called  "Canadian  Bream." 
Gregg  and  Gardner  (1902 i  lilt,  153)  have  commented  on  the  eatability 
of  this  species,  and  my  own  experience  and  that  of  friends  has 
pointed  up  the  desirability  of  this  species  for  food.    1  have  found 
no  direct  fisheries  for  them  for  food,  they  being  included  in 
"mixed  panfish"  whenever  they  happen  to  be  taken.    The  species 
apparently  had  more  commercial  value  in  the  19th  century  than  it 
does  today,  for  Goode  (l88Ux  39l)  notes  that  it  is  "...highly 
prized  for  food,  occasionally  salted  ...sometimes  sent  in  ice  to 
Savannah  and  Charleston..."  /"from  the  Indian  River  region  of 
Florida^.    Jordan  (188M  78)  noted  that  it  was  often  brought 
to  market  alive  in  the  Florida  Keys  and  killed  after  purchase, 
a  practice  frequently  adhered  to  in  those  days  of  poor  refrigera- 
tion, and  one  still  occasionally  seen  in  that  area  today.    At  Key 
West,  for  instance,  I  have  seen  a  few  large  Pinfish  included  in 
fishes  handled  in  this  manner  on  a  small  commercial  scale.  Thou- 
sands of  pounds  are  undoubtedly  used  for  food  today,  however,  by 
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sport  fishermen  who  frequently  catch  them  from  docks,  piers,  bridges, 
while  bottom-fishing  over  fairly  shallow  waters  from  boats,  etc. 
This  food-utilised  poundage  is  never  included,  of  course,  in  the 
statistical  reports,  which  are  almost  all  gathered  from  commercial 
fish  houses  or  from  a  few  particularly  active  sportfishing  centers. 
The  sport  fishery  is  in  itself  of  economic  value,  though  probably 
immeasurable ,  as  is  any  sport  fishery  to  a  local  area.    Not  only 
does  it  provide  a  recreational  value  to  many  (particularly  children), 
but  it  aids  those  people  economically  unable  to  buy  fish  usually 
considered  more  desirable  as  food. 

Though,  as  noted  above,  there  are  apparently  no  direct  fish- 
eries for  Pinfish  for  food,  they  are  particularly  sought  after  for 
bait  (see  below)  and  at  least  three  recent  authors  have  suggested 
that  commercial  fisheries  be  established  which  would  include  Pin- 
fish.    Baughman  a°50at  122)  noted  that  they  might  be  included  in 
an  inshore  fishery  on  littoral  species.    Buller  (l°5l»  10)  suggest- 
ed that  a  limited  commercial  trawl  fishery  in  depths  of  less  than 
one  hundred  fathoms  be  established  for  Pinfish  and  other  bottom  spe- 
cies off  North  Carolina.    Siebenaler  (1952)  indicated  that  a  trawl 
fishery  might  be  established  in  Florida  utilizing  Pinfish  and  simi- 
lar species  far  a  fish  meal  and  oil  industry.    Actually,  such  scrap 
species  are  now  being  utilised  commercially  in  certain  areas.  Ex- 
amples of  this  utilization  which  I  have  personally  observed  may  be 
found  in  Pascagoula,  Mississippi,  where  a  large  plant  is  operated 
wliich  utilizes  mixed  fish  in  the  manufacture  of  canned  cat  food. 
These  scrap  fish  are  the  object  of  a  direct  trawl  fishery  and  any 
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species  normally  considered  coaraercial  (such  as  shrimp  and  flounders) 
are  sold  as  the  byproduct  of  the  scrap  fishery.    In  Brunswick, 
Georgia,  the  trash  fish  from  shrimp  trawling  operations  are  gener- 
ally saved  and  sold  for  bait  for  the  commercial  blue  crab  fishery 
of  the  area.    Such  utilisation  of  scrap  species  is  undoubtedly 
carried  on  elsewhere,  and  when  in  areas  where  Pinfish  are  abundant, 
this  species  must  play  an  important  role  as  a  component  of  the  scrap. 
Hildebrand  and  Cable  (l°38i  518)  reported,  for  instance,  that  some- 
times, when  large  catches  were  made,  Pinfish  were  processed  by  the 
Beaufort,  North  Carolina,  menhaden  reduction  plants  into  fish  meal 
or  fish  scrap  and  oil,  the  latter  said  to  be  of  a  -very  high  grade. 

Probably  one  of  the  major  economic  -values  of  the  Pinfish, 
and  one  for  which  there  is  often  a  direct  fishery,  is  its  use  as 
a  bait  species.    It  is  widely  used  today  for  this  purpose  (both 
live  and  as  cut-bait)  by  both  sport  and  commercial  fisherman.  It 
is  particularly  popular  as  bait  for  the  Redfish,  Sciaenops  ocel- 
lata  (L.),  the  Spotted  Sea  Trout,  Cynoscion  nebuloaus  (Curler), 
and  grouper,  Serranidae,  on  the  coast  of  the  Gulf  of  Mexico,  for 
the  Tarpon,  Megalops  atlanticus  (Valenciennes)  on  the  lower  Gulf 
coast  of  Florida,  and  for  the  Snook,  Centropoaus,  in  the  waters 
of  south  Florida  on  both  coasts.    The  use  of  Pinfish  as  a  bait 
species  for  particular  species  of  fish  has  been  remarked  upon  by 
Moody  (I950ai  11),  Ackerman  (1951*  58),  and  Knapp  (1953«  139). 
I  have  seen  small  Pinfish  (three  to  four  inches  long)  being  sold 
for  live  bait  for  as  much  as  ten  cents  each,  and  since  they  arm 
seasonal  in  abundance,  one  bait  dealer  in  the  Steinhatchee,  Florida, 


area  (northern  peninsular  Gulf  coast)  stated  that  he  hoped  to  Main- 
tain 3 tocks  in  tanks  for  sale  at  even  higher  prices  during  the  "off 
season"  when  they  cculd  not  readily  be  taken,    I  an  told  by  various 
persons  connected  with  the  operation  of  the  United  States  Fish  and 
Wildlife  Service        OREGON  that  Pinfish  have  been  used  successfully 
as  bait  in  the  exploratory  long-line  fishing  operations  for  Yellow- 
fin  Tuna,  Thunnus  albacares  subulatus  (Poey)  offshore  in  the  I  ulf  of 
of  Mexico. 

Not  only  are  Pinfish  sold  alive  or  fresh  as  bait,  but  small 
specimens  (one  to  three  inches  long)  are  occasionally  seen  being  of- 
fered, along  with  seahorses,  cowfish,  porcupine  fish,  pipefish,  and 
with  other  percomorph  fishes,  as  dried  specimens  for  curios.  In 
this  respect,  I  have  seen  them  sell  for  about  five  cents  each.  Their 
sheer  abundance  also  makes  them  frequent  exhibits  in  commercial  aquaria, 
where  they  make  colorful  individual  specimens  for  small  tanks,  and  ef- 
fective large-aggregation  "fillers"  in  large  tanks.    Their  beauty  and 
hardiness  for  this  purpose  was  suggested  many  years  ago  (Bean,  1892 » 
90),  though  the  advent  of  today's  large  marine  exhibitions  has  brought 
them  to  t  e  fore  in  this  respect. 

Up  to  this  point  I  have  presented  some  of  the  direct  economic 
uses  of  Pinfish,  showing  that  they  may  be  purposeful  or  secondary 
objects  of  commercial  and  sport  fisheries,  and  that  they  may  be  used 
as  tools  for  the  pursuance  of  other  commercial  projects.    They  are, 
however,  probably  just  as  important  (or  perhaps  more  so)  as  an  in- 
direct economic  factor.    From  this  aspect,  they  are  undoubtedly  of 
great  importance,  in  areas  where  they  are  abundant,  as  forage  fish 
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for  more  valuable  carnivorous  commercial  and  sport  fishes.  Moody 
(l95>Obt  167)  has  shown,  for  example,  that  at  Cedar  Key,  Pinfish 
form  a  major  portion  of  the  diet  of  adult  Spotted  Sea  Trout,  one 
of  the  most  important  commercial  fishes  of  the  Florida  Gulf  Coast. 
This  value  as  a  forage  species  will  undoubtedly  become  more  evident 
as  more  studies  are  carried  out  dealing  with  carnivorous  marine  fish- 
es, particularly  those  feeding  in  the  shallower  waters  in  those  areas 
where  Pinfish  abound,  for  the  overwhelming  numbers  of  this  species  in 
such  areas  make  it  almost  impossible  not  to  be  encountered  frequently 
by  predators.    Such  an  area  of  high  abundance,  and  hence  great  indir- 
ect economic  importance,  lies  along  the  west  coast  of  Florida,  where 
the  Pinfish  is  one  of  the  most  abundant  forage  species.    Another  sug- 
gested indirect  economic  use  for  the  Pinfish  is  that  proposed  by 
Daugherty  (1951*).    He  notes  that  since  it  occurs  generally  through- 
out the  Atlantic  coast  of  the  United  States,  and  since  it  has  aver- 
age tolerances  to  harmful  conditions,  and  is  easily  obtained,  L.  rhom- 
boides  might  be  used  as  a  standard  fish  in  testing  industrial  pollut- 
ants. 

Some  other  indirect  economic  values  of  Pinfish  are  less  ob- 
vious than  the  above,  and  are  actually  negative  in  importance.  For 
Instance,  hundreds  of  man  hours  are  lost  yearly  by  commercial  gill- 
net  fishermen  in  ridding  their  nets  of  Pinfish.  This  species  often 
becomes  entangled  in  great  numbers,  particularly  when  the  net  is 
fished  over  grassy  flats,  and  their  dorsal  and  anal  spines,  and  es- 
pecially the  procumbent  portion  of  the  first  dorsal  spine,  are  so 
efficient  in  holding  them  in  the  net  that  they  often  must  be  tedious- 


ly  untangled  one  by  one  by  hand,  rather  than  be  shaken  out  quickly 
or  easily  pushed  completely  through  the  net  meshes  as  are  the  de- 
sired mullet.    This  process  almost  invariably  is  accompanied  by 
numerous  painful  akin  pricks  on  the  hands  as  a  result  of  the  needle- 
sharp  spines.    Aside  from  this  problem,  their  small  mouths  (hence 
not  easily  caught  on  a  large  hook)  and  their  nibbling  feeding  habits 
make  them  notorious  bait  stealers,  and  they  thus  cause  considerable 
anguish  and  loss  of  valuable  bait  to  hook-and-line  fishermen  (see 
Baughman,  19£0b»  250).     They,  with  other  scrap  species,  also  present 
extra  labor  to  shrimp  fishermen  in  having  to  be  sorted  from  the  de- 
sired shrimp.    Although  already  shown  to  be  of  economic  value  as  an 
aquarium  fish,  they  also  have  a  negative  value  for  that  purpose  in 
that  they  are  "nippers"  and  frequently  mutilate  or  even  kill  rarer 
and  more  valuable  fish  in  the  tanks  with  them.    It  is  often  a  question 
of  which  is  more  important  from  the  public's  viewpoint  —  lots  of 
easily  obtained  Pinfish,  or  a  few  rare  specimens.   To  the  collectors* 
and  biologists  •  chagrin,  the  Pinfish  usually  win  out,  the  average  pay- 
ing customer-observer  desiring  only  to  see  great  numbers  of  fish,  not 
necessarily  rare  ones. 

Seasonal  Variation  in  Economic  importance 
As  has  been  shown  earlier  in  this  paper,  Pinfish  show  a  very 
definite  variation  in  seasonal  abundance,  being  most  common  in  in- 
shore waters  in  the  late  spring,  summer,  and  early  fall.    Since  most 
of  its  economic  value  lies  inshore,  the  species  is  therefore  most 
important  economically  during  this  period.    This  is  particularly  true 
regarding  its  value  as  a  bait  fish,  for  the  proper  sized  individuals 
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are  practically  non-existent  inshore  during  the  winter,  and  hence 
it  i   usually  not  economically  feasible  to  fish  for  the*  then. 
They  also  decrease  in  value  as  a  forage  fish  during  this  period,  but 
their  absence  also  lessens  their  nuisance  effect.   Thus  the  seasonal 
lessening  of  their  negative  effect  (except  of  course  where  they  are 
confined  in  aquaria  and  there  is  thus  no  seasonal  variation)  must 
then  become  a  positive  value  in  inshore  situations,  while  the  former 
positive  values  inshore  tend  toward  negative  ones  when  the  fish  leave 
in  their  offshore  winter  movement.    Conversely,  their  value  as  a  scrap 
species  increases  in  winter  as  larger  numbers  move  offshore  and  into 
the  range  of  the  trawlers  (and  with  this  their  negative  value  ao  a 
nuisance  to  shrimp  fishermen  must  necessarily  increase). 

Methods  of  Capture 
infish  are  regularly  captured  by  almost  any  standard  type 
of  fishing  gear.    However,  commercially,  most  are  taken  for  live 
bait  in  small  baited  or  unbaited  traps,  by  hook  and  line  using  a 
very  small  baited  hook,  and  with  cast  nets  and  push  nets.  Those 
utilised  as  scrap  for  crab  bait  or  cat  food  are  taken  primarily 
with  large  bottom  trawls.    Other  methods  of  capture  frequently  used 
are  haul  seines,  gill  nets,  and  trammel  nets.    Sportsmen  encounter 
them  almost  exclusively  when  bottom-fishing  with  hook  and  line,  un- 
less they  are  seeking  them  for  bait,  when  the  above  methods  may  be 
employed.    They  are  generally  too  small  to  be  of  interest  to  spear 
fishermen. 
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A  complete  synonomy  of  the  Spar id  fish,  La.odon  rhomboid e a 
(Linnaeus),  the  Pinfish,  is  presented,  with  a  list  of  the  common 
names  applied  to  it.    The  genus  Lagodon  was  found  to  be  monotypic, 
and  two  recently  described  forms,  Lagodon  mercatoris  Delsman  and 
Salema  atkinsoni  Fowler,  are  relegated  to  the  synonomy  of  Lagodon 
rhomboides.   The  Linnaean  specific  name  "rhomboldalig"  is  shown  to 
apply  to  the  form  presently  recognized  by  most  authors  as  Archosar- 
gus  unimaculatus  (Bloch)  rather  than  to  the  Pinfish,  as  has  some- 
times been  suggested. 

Despite  records  in  the  literature  to  the  contrary,  the  re- 
sults of  this  study  indicate  that  the  present  geographical  range  of 
the  Pinfish  is  limited  to  continental  Atlantic  North  American  waters 
from  Cape  Cad,  Massachusetts,  to  the  northeastern  tip  of  Yucatan, 
and  in  Bermuda. 

Regular  collections  were  made  for  over  a  year  at  a  variety 
of  habitats  at  Cedar  Key,  Florida,  where  Pinfish  are  particularly 
abundant,  and  the  ecological  results  there  obtained  were  considered 
as  being  representative  for  the  species,  since  they  agreed  essentially 
with  sporadic  collections  made  over  a  period  of  several  years  at  wide- 
ly distant  localities  within  its  marine  coastwise  range.    The  data 
from  a  number  of  offshore  collections  were  also  considered,  along 
with  notes  gained  from  collections  made  in  ne- r-freah  waters.  The 
results  of  these  collections,  coupled  with  information  obtained 
through  a  search  of  the  literature,  have  shown  that  the  Pinfish  is 
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primarily  a  marine  littoral  carnivore  usually  found  associated  with 
vegetated  bottoms,  but  that  it  occurs  well  offshore  in  continental 
waters,  as  well  as  regularly  penetrating  fresh  water.  Furthermore, 
it  was  found  to  have  wide  tolerance  in  relation  to  many  physical 
factors  of  the  environment.    There  was  an  offshore  movement  in  late 
fall  and  winter,  and  in  general  the  larger  Pinfish  were  found  in 
deeper  water.    This  phenomenon  was  exhibited  throughout  earlier 
life  inshore  after  the  early  fall  and  winter  offshore  spawned  young 
reached  these  shallows  to  undergo  their  rapid  first  year's  growth. 
Spawning  was  apparently  undertaken  initially  by  large  fish,  in  their 
third  year. 

Many  morphological  features,  both  internal  and  external, 
meristic,  proportional,  and  descriptive,  were  examined.    It  was  found 
that  while  there  is  considerable  variation  within  the  species,  and 
some  with  ontogeny,  this  variation  is  relatively  consistent  through- 
out its  geographical  range,  despite  the  great  latitudinal  distances 
involved.    No  evidence,  not  assumed  attributable  to  varying  physical 
factors  of  the  environments,  was  found  which  indicated  that  the  Pin- 
fish  is  not  taxonomically  homogeneous  throughout  its  entire  range, 
and  this  was  related  to  various  factors  dealing  with  the  spawning 
and  early  life  history  of  the  fish. 

Seas  Pinfish  were  seen  to  defend  territories  and  others  showed 
a  defensive  mechanism  of  burying  or  hiding  during  times  of  extreme 
duress.    Several  compact  aggregations  made  up  of  individuals  of  this 
essentially  non-schooling  species  are  reported.    In  addition,  the 
feeding  habits  are  discussed. 
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Fossil  teeth,  apparently  ascribable  to  L,  rhomboides,  or 
to  a  form  very  closely  related  to  it,  are  reported  from  the  Plio- 
cene of  Florida* 

The  e  conondc  relationships  of  Pinf ish  were  examined,  and 
it  was  found  that  while  it  is  not  necessarily  particularly  valuable 
as  the  object  of  a  direct  fishery,  ^.  rhomboides  has  some  secondary 
commercial  value  and  is  probably  extremely  important  as  a  forage 
speci  s  for  more  directly  valuable  co  mercial  species,  in  both  cases 
on  a  seasonal  basis* 

In  addition  to  the  above  more  major  categories  of  investiga- 
tion, some  information  was  derived  dealing  with  the  following  as- 
pects of  the  biology  of  the  Pinf ish:    length-weight  relationship j 
body  weight-body  surface  relations hip;    associated  fish  species}  pre- 
dators; and  parasites. 
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